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PKEFACE  TO   FIFTEENTH   EDITION. 


As  the  Fourteenth  Edition  of  this  book  waa  revised 
throughout  and  in  part  re-written,  an  unusually  large 
number  waa  printed,  hut  these  have  been  quickly  sold. 
Further  revision  seemed  to  be  unnecessary,  since  the 
mining  press  pronounced  the  book  "  a  masterly  pro- 
duction, practically  amounting  to  a  new  work."  Only 
a  few  corrections  have,  therefore,  been  made  for  this 
edition. 

C.  G.  &  CO..  Ld. 
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Ttie  Appendix  o!  ezamiQation-qucstions  and  exerciBes  for 
plotting  has  been  culled  from  recent  papers  set  at  l^e  examina- 
tions of  thi  Bcieace  and  Art  Department,  of  the  City  and  Guilds 
of  London  Institute,  of  the  local  boards  under  the  Home  Office  for 
granting  certificates  of  competency  to  Oolliery  Managers,  and  of 
various  Mining  Schools.  These  will,  it  is  trusted,  be  found  of 
UBS  to  anch  students  as  have  not  the  advantage  of  regular 
instruction  in  the  subject.  It  must,  however,  be  borne  in  mind 
that  the  mere  reading  of  a  text-book  will  never  make  a  mine- 
snryayor.  The  most  that  a  book  can  do  is  to  help  the  student 
to  obtain  a  knowledge  of  the  theory  of  the  subject.  The 
mechanical  manipulation  of  the  instruments  can  only  be  learnt 
under  the  personal  supervision  of  a  teacher,  whilst  the  technical 
sMU  requisite  for  carrying  out  subterranean  surveys  must  be 
obtained  in  the  mine  itself. 

I  have  taken  for  granted  on  the  part  of  my  readers  an 
elementary  knowledge  of  mathematics,  such,  for  example,  as 
would  enable  them  to  pass  the  second  stage  of  the  Science  and 
Art  ^Department's  examination  in  that  subject. 

In  the  preparation  of  the  work,  I  have  received  valuable  help 
from  numerous  friends  at  home  and  abroad.  In  particular,  I 
am  indebted  to  Mr.  H.  W.  Hughes,  Assoo.B.S.H.,  F.G.S.,  for 
several  important  additions  to  the  text,  and  to  Mr.  A.  Piingl^ 
M.A.,  B.Sc.,  who  ably  assisted  me  white  the  volume  was  passing 
through  the  press. 


BENNETT  H.  BEOUGH. 


Thk  Boval  School  or  Mikbs, 
LoHDOK,  February,  I8H3. 
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A   TEBATI8E 


MINE-SUEVBYING. 


General  Explanations. 


Surveying  ie  the  art  of  makiiig  such  meaBuiements  as  are  neceBsary 
to  determine  the  relative  positions  of  any  points  on  the  earth's 
surface.  From  such  measuiements  a  map,  or  plan,  of  any  portion 
of  the  Buiface  may  be  drawn,  and  its  area  calculated. 

Tlie  branch  of  Burveying  speciaUy  applied  to  mining  is  known 
as  Hiue-Burveyii^.  It  consists  in  measuring,  with  a  view  to 
subsequent  delineation  on  a  plan  and  sections,  fiist,  the  under- 
ground workings  of  a  mine,  and,  secondly,  the  mine-buildings 
at  the  surface  and  the  mine-concession  or  royalty.  Thirdly,  it 
requires  an  accurate  method  of  connecting  the  underground-  and 
surface-surreys.  Trustworthy  plans  and  sections  are  of  value 
for  giving  a  condensed  view  of  all  the  facts  connected  with  the 
works  and  explorations  of  a  mine ;  for  affording  data  to  assist 
in  the  further  prosecution  of  workings  after  temporary  abandon- 
ment of  the  excavations ;  and  for  the  avoiding  of  deatructive 
and  lamentable  efiects — such,  e.g.,  as  disastrous  litigation  re- 
specting trespass  on  adjoining  royulties,  loss  caused  by  driving 
in  the  wrong  direction,  or  irruptions  of  water,  quicksand,  or 
firedamp,  giving  rise  to  loss  of  life  and  property — which  have  too 
often  r^ulted  from  incorrect  or  imperfect  nune-[jans. 

ffislnlcsl  Sketch. — The  origin  of  mine-surveying  must  be 
sought  with  that  of  mining  in  very  early  times.  The  oldest 
mine-plan  known  is  a  papyrus,  preserved  in  the  mu^pum  at 


,.  Google 


^urin,  deptcting  the  situatioa  of  an  Egyptian  gold-ioiDe.  It 
was  drawn  in  the  reign  of  the  king  Mineptah,  1,100  je&ia  before 
the  Christian  era.  I^nd-surveying  was  first  practised  in  Egypt. 
There  the  animal  overflows  of  the  Nile,  and  the  consequent 
deposit  of  mud,  destroyed  the  land-marks  of  the  different  pro- 
prietors, so  that  it  became  necessary  to  determine  them  by 
measurement  every  year.  The  oldest  evidence  of  the  solution 
of  mathematical  problems  is  aSorded  by  a  papyrus  in  the  British 
Museum,  which  is  believed  to  have  been  copied,  1,700  years 
B.C.,  from  a  much  older  work.  It  gives  rules  for  the  calculation 
of  areas  of  triangles,  trapezoids,  and  circles. 

That  the  important  mines  of  the  ancient  Greeks  necessitated 
the  solution  of  mine-surveying  problems  is  shown  by  the  fact 
that  such  problems  are  fully  discussed  by  Hero  of  Alexandria 
(B.C.  286-222),  several  of  whose  works  are  extant.  The  greatest 
advance  in  survey  practice  made  by  Hero  was  his  invention  of 
the  diopter,  a  sighting  instrument  for  surveying  purposes.  The 
oldest  instrument  for  measuring  angles,  like  the  cross-head  which 
is  still  in  use,  only  permitted  right  angles  to  be  set  out.  This 
primitive  instrument  consisted  of  two  8traight-e(%e8  fastened 
together  at  right  anglea,  a  pointed  vertical  stafi  b^ng  fixed  to 
the  point  of  intersection.  The  two  straight-edges  were  provided 
at  each  extremity  with  sight  vanes,  from  which  plumb-lines  were 
suspended  so  as  to  enable  the  instrument  to  be  levelled.  With 
Hero's  improved  instrument,  any  angle  could  be  measured. 
Indeed,  it  must  be  regarded  as  the  oi%in  of  the  highly  perfect 
theodolite  of  the  present  day.  It  consisted  essentially  of  a  beam 
resting  between  two  uprights  on  a  pillar-like  stand.  The  beam 
was  movable  in  both  directions  by  means  of  spiral  screws  acting 
on  horizontal  and  vertical  cog-wheela.  It  was  hollowed  out,  and 
contained  a  metal  tube,  at  right  angles  to  which  were  glass 
cylindeis  at  each  end  of  the  beam.  The  cylinders  had  special 
covers  made  of  metal  plate,  which  could  be  raised  or  lowered 
by  means  of  screws.  They  were  furnished  with  vertical  and 
horizontal  slits  for  sighting.  The  instrument  was  thus  a  com- 
bined theodolite  and  level.  Two  staves  with  sliding  circular 
vanes  were  used  in  conjunction  with  it. 

From  the  beginning  of  the  Christian  era  until  the  Middle 
Ages,  "lining  records  are  wanting.  An  ancient  charter  relative 
to  the  mines  of  the  Mendip  Hills  is  in  existence.  Of  this  Mr. 
Robert  Hunt  gives  a  fao-simile  in  his  British  Mining.  It  dates 
from  the  reign  of  Edward  IV.,  about  1480.  It  is  a  rude  attempt 
at  plan-drawing,  representing  the  "Myne  deeps,"  as  they  were 
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for  individual  u«e  only.  Experience  has  often  stored  an  indi- 
vidual mind  with  valuable  facts,  which  are  rarely  recorded.  The 
miner  tnusts  to  hia  memory,  and,  when  he  dies,  the  results  of  his 
experience  die  with  him.  The  son  has  to  begin  where  the  father 
began,  and  this  ia  repeated  from  generation  to  generation,  eo  tiiat 
there  has  been  no  advance.  These  remarks  apply  more  parti- 
ctd&rly  to  the  miners  of  the  county  of  Cornwall,  where  the  mining 
proverb,  "  Where  it  is,  there  it  ia,"  still  holds  its  own. 

Happly,  a  better  ayatem  is  beginning  to  prevail.  Coal-mining 
is  now  carried  on  with  a  high  degree  of  skill.  Colliery  managers, 
who  formerly  were  generally  ignorant  of  the  theoretical  principles 
upon  which  practice  is  based,  are  now  submitted  to  a  severe 
educational  test  before  a  certificate  of  competency  is  granted. 
It  ia,  however,  to  be  regretted  that  a  similar  examination  has  not 
been  instituted  for  the  agente  of  metalliferous  mines.  The 
mining  schools  which  have  been  foimded  in  various  districts  ofEer 
suitable  opportunities  for  the  necessary  theoretical  training,  as 
also  do  the  local  classes  held  under  the  Board  of  Education,  and 
under  the  City  and  Guilds  of  London  Technical  Institution. 

Another  cause  which  has  retarded  the  prc^resa  of  mine-sur- 
veying is  the  uncertain  and  speculative  nature  of  mining.  Casual 
failuree,  caused  by  the  want  of  easily  accessible  information, 
frequently  lead  to  the  abandonment  of  highly  promising  mines. 
Mining,  though  speculative,  is  not  entirely  the  work  of  chance ; 
and  he  who,  avoiding  vague  and  unsatisfactory  speculations, 
constantly  stores  up  facts,  and  can  grasp  the  extent  and  object 
of  mining  works,  is  frequently  enabled  to  avoid  expenses,  in 
which  those  who  are  without  such  data  would  soon  be  involved. 

In  this  conneol^n.  Sir  Warington  Smyth,  in  a  lecture  on 
mining,  says  :  "  At  the  present  time,  few  lai^e  cotlieries  or  metal- 
liferous mines  are  conducted  without  the  aid  of  a  satisfactory 
plan,  but  there  are  very  numerous  mines  in  which  this  depart- 
ment is  much  neglected.  Moreover,  there  is  generally  a  want  of 
uniformity  in  system,  an  absence  of  details  which  should  give  all 
the  information  that  can  be  laid  down  on  paper,  a  deficiency  of 
surface- objects  by  which  the  workings  can  at  a  future  day  be 
referred  to  their  proper  position,  and  (what  may  sometimes  lead 
to  the  most  fatal  errors)  a  neglect  of  observation  or  notice  of  the 
variation  of  the  magnetic-needle,  according  to  which  mining  plans 
are  almost  invariably  constructed.  It  is  too  often  the  case  when 
mines  are  worked  by  companies,  that  the  shareholders  are  so 
t^ardlesa  of  what  does  not,  as  they  conceive,  lead  to  immediate 
gain,  that  they  grudge  the  moderate  sums  needful  for  the  employ- 
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meat  of  properly  qualified  surveyors,  and  eithei  wink  at  tiie  total 
neglect  of  juaos,  o£  leave  them  to  be  carried  out  by  men  already 
sufficiently  tasked  or  incapable,  although  they  may  dial  with 
accuracy,  of  repreeenting  on  paper  what  they  have  measured." 

With  reference  to  the  foregoing  remarks,  as  far  as  coal-mines 
and  mines  of  stratified  minerals  generally  are  concerned  in  this 
country,  the  Coal  Mines  Act  of  1911  should  tend  to  a  great  im- 
provement in  the  keeping  up  of  mine-plans  and  in  mine-aurveying 
generally.  The  Act  details  the  information  which  must  be  given 
on  plans,  and  provides  that  they  must  be  prepared  by,  or  under 
the  supervision  of,  a  qualified  surveyor,  and  examinations  for 
colliery  surveyors  are  now  held  simultaneously  with  those  for 
colliery  managers. 

Moreover,  at  the  present  time,  the  Mining  Board  for  Examina- 
tions, which  controls  the  examinations  for  certificates  of  com- 
petency for  both  colliery  managers  and  surveyors,  will  not  recog- 
nise the  time  spent  in  surveying  by  candidates  for  managers' 
certificates  as  bemg  part  of  the  practical  experience  required. 

Formerly  it  was  a  very  common  thing  for  a  man  training  aa 
a  colbery  manager  to  take  up  a  position  as  a  colliery  surveyor 
(very  often  at  a  bare  living  w^e)  merely  for  the  sake  of  filling 
in  part  of  the  five  years'  experience  required  by  previous  legis- 
lation. The  result  of  this  was  that  the  making  and  maintenance 
of  the  plane  were  often  entrusted  to  persons  who  had  at  the  most 
only  a  transitory  interest  in  the  work. 

For  several  years  past  mine  surveyors  themselves  have  recog- 
nised that  there  has  been  ample  room  for  improvement  in  their 
status,  and  as  the  combined  result  of  movements  instituted  in 
seversl  districts,  a  new  branch  of  the  Suiveyora'  Institute  has 
been  formed,  so  that  duly  qualified  mine  surveyors  can  become 
members  of  the  Institute,  This,  together  with  the  Home  Office 
certificate  of  competency,  should  go  for  towards  raising  the  status 
of  this  branch  of  the  mining  profession. 

As  an  example  of  an  error  involving  great  loss,  serious  danger, 
and  future  grave  embarrassments,  it  may  be  mentioned  that, 
according  to  Mr.  P.  W.  Stuart-Menteath,  at  an  important  mine 
is  Spain  an  incorrect  survey  caused  an  error  of  65  metres  to  be 
made  in  driving  a  main  tunnel  less  than  200  metres  in  length. 
In  collieries,  too,  examples  are  not  wanting.  Thus,  in  1906,  at 
Caradog  Vde  Colliery  in  Glamoiganshire,  ^ere  was  an  inunda- 
tion owing  to  some  old  workings.  Trusting  the  old  plans,  which 
showed  a  barrier  22  yards  away,  the  men  worked  into  the  old 
headings  with  disastrous  results.    Another  case  is  recorded  by 
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Hi.  J.  DJclansoD  in  1878,  when  ao  inundation  ocouned  by  whicb 
two  lives  were  lost,  from  a  fonner  worldng  being  out  into  without 
any  bore-holes  in  advance.  In  this  instance,  there  waa  a  correct 
plan  of  the  former  work,  but  by  a  mistake  of  the  surveyor,  a 
wrong  direction  was  set  out. 

Mlnwal  Dqwtits. — For  practical  purposes  mineral  deposits 
may  be  divided  into  (o&ulor  deponU,  including  mineral  veins, 
beds,  and  seams,  and  irregular  dfposita,  including  maases,  stock- 
works,  and  pockets.  Tabular  deposits  are  those  in  which  two 
dimensions  predominate.  The  third  smaller  dimension,  the  per- 
pendicular distance  between  the  two  bounding  planes,  is  termed 
the  thickness.  The  adjacent  rock  on  both  sides  of  these  two 
planes  is  termed  the  country,  the  portion  on  which  the  deposit  lies 
la  the/oot-tooQ,  and  that  covering  the  deposit  is  the  kattging-v!aU. 
With  beds  and  seams,  these  are  known  as  the  floor  and  roo' 
respectively.  The  strike  or  course  of  a  deposit  is  the  angle  formed 
wiUi  the  meridian  by  the  direction  of  a  horizontal  line  drawn  in 
the  middle  plane.  Its  full  dip  is  the  inclmation  downwards 
measured  In  degrees  from  the  horizontal  In  a  direction  at 
tight  angles  to  the  strike.  As  the  dip  of  veins  is  usually 
great,  it  is  sometimes  measured  from  the  vertical,  and  is  then 
termed  underlie  or  liade.  It  has  been  proposed  to  use  the  term 
pitch  to  indicate  the  extent  of  the  obliquity  of  the  axis  of  an 
oie-shoot  to  the  plane  of  maximum  dip  of  a  metalliferous  vein, 
and  also  in  connection  with  the  obliquity  of  lenticular  ore-bodies.* 
The  portion  of  a  mineral  deposit  occurring  at  the  surface  is  known 
as  the  outcrop,  kuset,  or  (U.S,)  apex. 

Mineral  veins  or  lodes  are  defined  by  Sir  C.  Le  Neve  Foster  as 
tabular  deposits  of  mineral,  which  have  been  formed  subsequently 
to  the  rocks  by  which  they  are  surrounded.  Usually,  they  occupy 
fissures  in  the  earth,  frequently  cutting  across  the  planes  of 
stratification  of  the  rocks.  They  may  occur  in  eruptive  or  in 
sedimentary  rocks.  Their  contents  vary,  some  parts  containing 
worthless  vein-matter  or  gangite,  others  being  filled  with  ore. 
The  productive  portions  are  termed  shoota  or  coursea  of  ore, 
bunches,  or  ore-bodies.  Cross  courses  are  veins  coursing  nearly 
at  right  angles  to  the  chief  lodes  of  any  particular  minli^ 
district. 

The  characteristic  feature  of  beds  and  seams  is,  that  they  are 
members  of  a  series  of  stratified  rocks.  They  may  be  Inter- 
stratafied  deposits,  or  superficial  ones,  such  as  peat,  bog  Iron  ore, 
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gold  placers,  and  tin  stream-works.  Aa  stratified  deposits,  they 
were  originally  deposited  in  a  more  or  less  horizontal  form.  The 
minerals  occurring  principally  in  bedded  deposits  are  coal,  anthra- 
cite, lignite,  iron  ore,  cupriferous- shale,  lead-bearing  sandstone, 
gravels  containing  diamonds,  or  gold,  or  tin,  sulphur,  salt,  clajrs, 
Umestone,  gypsum,  oil-shale,  alum-shale,  and  slate.  Miners  often 
erroneously  apeak  of  *  veins  ' '  of  coal  or  ironstone,  when,  geologi- 
cally, they  may  be  true  "  beds  "  or  seams. 

"  Masses  "  are  deposits  of  mineral  of  irregular  shape,  which 
cannot  be  recognised  as  beds  or  as  veins.  Such,  for  instance, 
are  the  red  haematite  deposits  of  TJlverston,  the  brown  hcematite 
of  the  Forest  of  Bean,  the  iron  ore  deposits  of  Missouri,  the  iron 
mountains  of  Gellivaie  and  Tabeig  in  Sweden,  and  the  pipes 
of  diamond-bearing  rock  in  South  Africa.  They  may  be  fijled- 
in  cavities  or  metamorphic  deposits,  such  as  the  zinc  ore  deposit 
of  Aitenbei^,  which  is  260  yards  long  and  65  yards  broad  and 
deep.  When  the  whole  rock  is  permeated  with  minend  matter, 
accumulated  in  minute  veins,  the  deposit  is  termed  a  stochBork. 
Bxamples  of  such  deposits  occur  at  Carclaze  and  other  places 
in  Cornwall,  and  at  Altenberg  in  Sazony. 

No  classification  of  miner^  deposits  can  be  quite  satisfactory 
in  all  cases.  A  bed,  for  instance,  even  of  coal  may  be  so  folded 
and  contorted  as  to  lose  its  original  tabular  form,  and  to  assume 
the  shape  of  an  irregular  mass. 

IDnlng  Twms Many  local  as  well  as  technical  terms  are  used 

in  mining.  The  following  are  definitions  of  some  of  the  objects 
most  frequently  named  on  mine-plans  :^A  shaft  is  a  pit  sunk 
down  from  the  surface.  In  the  mining  of  stratified  deposita,  the 
shafts  sunk  are  usually  perpendicular.  In  vein-mining,  they 
ma;  be  sunk  perpendicolarly  to  cut  the  vein,  or  they  may  follow 
its  underlie.  Zeveb  are  horizontal  excavations  along  the  course 
of  a  vein,  or  horizontal  passages,  by  which  access  is  gained  to  the 
workings  of  the  mine.  A  level  driven  from  the  surface,  to  draw 
off  the  water,  is  termed  an  adit  level,  or  (U.S.)  a  Iwmel.  A  drift  or 
gallery  driven  across  the  usual  direction  of  the  veins  generally  for 
the  purpose  of  searching  for  a  new  vein,  or  of  connecting  two 
known  veins,  is  termed  a  cross-out.  The  extreme  end  of  any  level 
or  cross-cut  is  called  the  forAreast  or  end.  A  ^ojie  is  the  working 
from  which  the  ore  is  extracted.  Above  a  level,  the  working  is 
an  "  overhand  "  or  back  stbpe ;  an  "  underhand  "  stope  is  the 
working  downwards  from  the  floor  of  the  level.  A  innze  is  a 
shaft  which  connects  two  or  more  levels,  but  does  not  come  to 
the  surface.     A  me  is  an  upright  winze  commenced  from  a  level 
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and  driven  upwards.  Surface  workings  include  open  cuts,  pita, 
and  excavations  of  limited  extent.  A  tract  of  land  let  for 
mining  purposes  is  known  as  a  «ea,  royaUy,  concession,  or  claim. 

In  coal-mining,  and  the  working  of  stratified  deposits  generally, 
the  pair  of  gaUeries  driven  from  the  shaft  are  variously  known 
as  drifia,  headings,  Uvels,  way-gates,  gate-roads,  and  roUey-ways. 
The  winning  of  the  mineral  is  effected  in  diftrent  ways,  following 
a  variety  of  modifications  between  the  two  extremes—  namely, 
the  "  post  and  ^aU  "  system,  otherwise  known  as  the  "  bord  and 
jnUoT,"  or  in  Scotland  as  "  stottp  and  room,"  and  the  "  longieaU  " 
systenL  In  the  former  a  given  district  is  at  first  formed  into 
pillars  by  narrow  excavations,  the  pillars  being  removed  in  a 
second  operation ;  in  the  latter,  the  whole  of  the  available 
mineral  is  removed  in  one  operation,  and  the  roof  allowed  to 
fall  in. 

■ethods  of  Surveying. — ^The  methods  adopted  in  mine-surveying 
are  all  comprised  in  the  term  plane-surveying,  which  is  applied 
to  surveying  in  which  all  measurements  are  made  or  computed 
to  a  horizontal  plane,  no  account  being  taken  of  the  effect  of  the 
curvature  of  the  earth,  as  the  error  so  caused  is  quite  n^ligible  in 
the  case  of  areas  up  to,  say,  100  square  miles  in  extent.  It  must  be 
borne  in  mind,  however,  that,  whilst  no  appreciable  error  is  caused 
by  confdderii^  any  area  of  the  earth's  siutace,  up  to  the  above 
limit,  as  a  plane  surface,  the  effect  of  local  deviations,  such  as 
hills  and  vdleys,  cannot  be  ignored,  and  all  linear  measurements 
taken  on  a  slope  must  be  made  in  such  a  way  that  their  distances 

I  projected  on  »  horizontal   plane   are   obtained  or  can  be 


In  the  case  of  leveilii^,  the  efEect  of  the  curvature  of  the  earth 
18  appreciable  within  comparatively  short  distances,  but,  as  will 
be  explained  when  dealing  with  this  subject,  the  methods  adopted 
obviate  any  errors  due  to  this  cause. 

Plane-surveying  comprises  three  distinct  methods,  cham-sttr- 
veying,  trian^ulation,  and  traverse-siinxying, 

Chain-Purveying  is  carried  out  by  means  of  a  chain,  measuring 
tape,  and  ranging  poles,  and  without  the  aid  of  any  instruments 
for  measuring  angles  except  the  occaaonal  use  ot  simple  instru- 
ments for  setting-out  right  angles,  and  the  relative  position  of 
the  controlling  points  of  the  area  under  survey  is  fixed  by  means 
of  linear  measurements  alone. 

In  triangulaUon^urveying,  controllii^  points  are  arranged 
all  over  the  area  under  survey,  so  as  to  form  a  network  of  triangles. 
The  length  of  one  side  of  one  triangle  only  is  measured  direct,  the 
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stanaara  mtty  be  taken,  tue  Deaimgs  ot  tne  lines  wita  reierence 
to  this  being  obtained  by  computation  after  measuring  the  angles 
between  aucceaBive  pairs  o£  lines  with  some  suitable  imtrument. 
The  method  of  traversing  is  the  only  one  available  for  under- 
ground surveying ;  its  nse,  however,  is  not  confined  to  this,  as 
in  many  cases  it  is  very  convenient  for  surface  work. 

Whichever  of  the  above  methods  is  adopted  for  determining 
the  position  of  the  controlling  points  in  a  survey,  a  supplementary 
method,  known  as  off-seUmg,  is  usually  adopted  tor  filling  in 
detail ;  this  will  be  dealt  with  more  particularly  in  the  chapter 
devoted  to  chain-surveying.  Again,  whilst  each  of  the  methods 
outlmed  may  be  regarded  as  independent,  in  making  huge  com- 
prehensive surface  surveys  they  are  very  often  all  three  employed 
m  conjunctioD, 

Hetuuns  Ol  Length, — The  standard  measure  of  length  in  the 
United  Kingdom  is  the  yord.  In  addition  to  the  yard,  the  fol- 
lowing unite  of  length  are  used  for  surveying  purposes  : — 

The  inch,  one  thirty-eixth  part  of  the  standard  yard.  Tht  foot, 
one-third  part  of  the  standard  yard.  The  fathom  of  6  feet  or 
2  yards.  The  chain  of  66  feet  or  22  yards ;  divided  into  4  poles 
of  6^  yards,  and  100  Unks  of  7-92  inches.  The  slaiiUe  mti^  of 
1,760  yards  or  5,280  feet  or  80  chains,  divided  into  8  furlongs. 

The  standard  yard  is  the  distance  between  two  fixed  pointe  on 
a  certain  metal  rod  at  the  temperature  of  62°  F.,  and  under  the 
mean  atmospheric  pressure.  The  British  and  United  States 
standards  are  identical. 

To  obviate  the  inconveniences  of  the  innumerable  units  of 
length  used  in  different  countries,  attempte  were  made  towards 
the  middle  of  the  17th  century  to  introduce  a  natural  unit,  which 
could  at  any  time  be  again  determined  if  the  standard  should  be 
lost.  Two  proposals  were  considered  ;  one  being  based  on  the 
leiu^h  of  a  pendulum  vibrating  secondB,  the  other  on  the  magni* 
taoe  of  the  circumference  of  the  earth.    The  former  suggestion 
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was  due  to  Huygens,  who  proposed  to  divide  tbe  length  of  a  pen- 
dulum vibrating  seconds  into  three  parts,  and  to  term  each  port  a 
foot.  This  method  was  found  impracticable,  since  the  fet^th 
of  the  seconds- pendulum  vaiieB  with  the  latitude  at  diSerent 
places ;  thus,  at  London  it  is  39-1393  inches,  whilst  at  New  York 
it  is  39-1017  inches. 

The  second  plan  was  therefore  adopted — that  is,  a  fraction  of 
the  earth's  meridian  was  taken  as  the  standard.  For  this  pur- 
pose, at  the  time  of  the  French  Revolution,  the  distance  m>m 
Dunkirk  to  Barcelona  was  determined.  Both  these  places  are  in 
the  sam.e  meridian  as  Paris.  The  measurement  was  subsequently 
extended  to  the  Island  of  Formenteia,  and,  from  the  length 
determined,  the  distance  of  the  pole  from  the  equator  was  calcu- 
lated to  be  5130740-74  French  fathoms  (toises).  The  ten- 
millionth  part  of  this  length  (0-513074  toise)  was  termed  the 
ffi«tre,  and  was  adapted  as  the  French  unit  of  length.  In  1799, 
two  similar  rods  of  platinum  were  constructed  as  standards, 
having  that  length  at  0°  Centigrade.  The  given  length  of  the 
metre  being  thus  determined,  it  ceased  to  be  a  natural  measure. 
With  the  present  improved  measuring- instruments,  it  is  possible 
for  us  to  determine  the  circumference  of  the  earth  with  greater 
accuracy,  whilst  the  length  of  the  metre  Is  iixed.  Indeed,  it 
is  now  known  that  the  metre  waa  determined  a  not  inconsiderable 
fraction  too  smali. 

The  French  measurca  of  length  are  multiples  and  submultiples 
of  the  metre.  The  value  of  the  latter  in  British  measure  ia 
3-2808693  feet,  or  39-37043  inches.  For  mine-surveys  the  metre 
is  the  unit  now  almost  exclusively  used  in  Continental  European 
countries.  It  is  also  employed  on  Government  surveys  in  the 
United  States. 

Special  units  of  length  used  for  mining  purposes  in  various 
countries  are  the  following  : — 


Fathom,  .         . 

M«tre,     .         .         . 
Swedish  FamD, 
RaBEnon  Sashon, 
AnBtritut  Klidter, 
Bavarian  Ifohtor,    . 
■Wflrttomberg  Lochter, 
Hanoverian  Lochttr, 
Saxon  Lachter, 
FroBsian  Laohtor, 
SpooUh  Vara,  . 
Fienoh  Toise,  , 


British  Fathom. 

Feet. 

1-000         . 

6-000 

0-646 

.         3-280 

0-973 

.         5-844 

1-1B6 

7-000 

1-037         . 

6-222 

1-062 

.         6-372 

1-OM 

6-576 

1-050 

.         6-300 

1-093 

.         6-558 

1-144 

.         6-864 

0-463 

2-782 

1-066 

.         6394 
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The  complement  of  &n  angle  ia  that  angle  which  must  be  added 
to  it  to  make  a  right  angle,  and 

sun  {90°  —  A)  =  COB  A ;        cosec  (90'  —  A)  =  sec  A 
008  (90°  —  A)  =  sin  A ;        eec      (90°  —  A)  =  cosec  A 
tan  (90°  —  A)  =  cotan  A ;    cotan  (90°  ~  A)  =  tan  A 

The  supplement  of  an  angle  ia  that  angle  which  must  be  added 
to  it  to  make  two  light  angles.  Compared  with  the  trigonometrical 
functions  of  the  angle  A,  those  of  ita  supplement  are — 

mn  {180°  —  A)  =  wn  A ;  coeec  (180°  —  A)  =  cosec  A 
cos  (180°  -  A)  =- cos  A  ;  sec  (180°- A)  =-8ec  A 
tan  (180°  —  A)  =—  tan  A ;   cotan  (180°  —  A)  =—  cotan  A 

The  explement  of  an  angle  ia  that  angle  which  must  be  added 
in  order  to  make  360°. 

The  formuliB  foi  the  solution  of  plane  triangles'  are  deduced 
from  the  principles  that  the  sum  of  the  three  angles  of  a  plane 
triangle  ia  equal  to  two  right  aisles,  and  that  the  sides  <d  the 
triangle  are  proportional  to  the  aines  of  the  opposite  anglea.  For 
right-angled  triangles  the  most  useful  formulee  are : — 


6  =  osinB 

C  =  0C08B 

6  =  ctanB 

c  =  6tanC 

b  =  c  cotan  C 

c  =  ft  cotan  B 

For 

oblique-angled-triangles,  the  most  uaeful  formulee 

are— 

'=S 

osinC 
°       dnA 

CO.A- 

S'  +  0>-o' 
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links  can  thus  be  easil}'  peiformed  by  means  of  dedmals.  The 
following  table  will  be  found  useful  for  converting  chains  into 
feet  and  feet  into  links :— 


OUUSIH 

10  KW. 

.»«, 

'OLIHU. 

Ctuini. 

Feet. 

Feet. 

Uata. 

0-01 

0-66 

100 

1-615 

0-02 

132 

2-00 

3-030 

0-03 

1'9S 

3 '00 

4-545 

2-64 

6-060 

0-05 

3  30 

S'OO 

7-675 

0-06 

3-96 

600 

&-<m 

007 

4-62 

7-00 

10'606 

0-08 

6-28 

8-00 

12-121 

0-09 

6-94 

9-O0 

13-636 

For  colliery  use,  the  chain  is  sometimes  made  entirely  of  brass, 
or  with  ten  links  in  brass  at  each  end,  in  order  to  prevent  the 
oompass-needle  being  attracted. 

It  must  be  remembered  that  any  enor  in  the  length  of  the 
chain  will  cause  erroneous  measurement  throughout  the  entire 
survey.  It  should,  therefore,  be  tested  and  adjusted  before  the 
commencement  and  at  the  end  of  every  extensive  survey.  This 
is  best  done  by  having  a  standard  marked  on  a  level  pathway 
or  on  the  top  of  a  waU,  showing  not  only  the  accurate  length 
of  the  chain,  but  also  the  length  of  every  ten  links.  Standard 
66-feet  and  XOO-feet  chains  have  been  fixed  by  the  Government 
in  Trafalgar  Square  and  Guildhall,  for  the  use  of  surveyors  in 
London.*  If  on  testing  a  chain  it  is  found  to  have  lengthened 
appreciably  (say  over  half  an  inch),  it  can  be  corrected  by  holding 
each  hnk  in  turn  very  firmly  in  a  vice  and  then  tapping  so  that 
each  junction  is  made  to  close  slightly.  If  a  line  has  been  measured 
with  an  incorrect  chain,  the  true  length  of  the  line  may  be  found 
from  the  proportion : — As  the  length  of  the  standard  given  by 
the  incorrect  chain  is  to  the  true  length  of  the  standard,  ao  is 
the  length  of  the  line  given  by  the  measurement  to  its  true  length. 

Accompanying  the  chains  are  ten  arrows  or  iron  pins,  which  are 

*  Professor  H.  Louis,  Tran«.  Intt.  M.E.,  vol,  xxiii,  1902,  p.  8S,  draws 
attention  to  the  varions  proaautionB  that  should  be  observed  in  setting  out 
Buch  a,  standard  length,  and  details  those  he  emptofsd  in  lajing  down 
standards  of  66  feet  and  100  feet  at  the  Durham  Collie  of  Scienoe. 
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such  precision  (hat  the  inch  is  to  be  preferred  to  the  Unlc  aa 
a  unit. 

Chain  tog  on  Slopes. — In  chaining  up  or  down  a  slope,  the 
distance  must  be  reduced  on  the  pkn  to  the  projection  ot  that 
distance  on  a  horizontal  plane.  Ii  the  slope  is  gentle,  the  lower 
end  <jt  the  chain  may  be  raised  until  the  chain  is  level.  To  ensure 
the  raised  end  being  exactly  above  the  right  spot,  the  chain 
may  be  raised  along  a  vertical  stafE,  or  an  arrow  may  be  care- 
fully dropped,  or,  better  still,  a  plumb-line  may  be  employed. 


GunWCi 

10-laUimd 

lOO-loot 

Angl*. 

81.^ 

ChMn. 

ClUlB. 

dulB. 

DesreM. 

ComnCkHi 

Oamotlon 

In  Llnke. 

IdPMt. 

*       3 

1  io  19-08 

0-14 

0-08 

014 

4 

1  in  U-30 

0-24 

014 

024 

6 

1  in  11-43 

0-38 

0-22 

6 

1  in   fl-51 

0-64 

0-32 

DM 

7 

1  in    8  14 

0-74 

0-44 

0-74 

lin    7-11 

0-97 

0-6S 

0-97 

9 

lin    6-31 

1-23 

0-73 

1-23 

10 

1  in   5-67 

152 

0-91 

1-52 

11 

lin    514 

1-83 

i-oe 

1-83 

12 

lin   470 

218 

1-30 

2'IS 

13 

1  in    433 

2-56 

1-63 

Z-5« 

U 

lin   401 

2-97 

178 

2-97 

15 

1  in    3-73 

3-40 

2-04 

3-40 

10 

lin    3-48 

3-87 

2  32 

3-87 

17 

1  in   3-27 

4-37 

2-a2 

4-37 

18 

lin   3-07 

4-89 

2-93 

4-89 

19 

1  in    2-90 

6-44 

3-26 

fi<44 

20 

1  in   2-74 

a-03 

3-81 

e-03 

25 

1  in   2-14 

0-37 

5-63 

9-37 

30 

lin    1-73 

13-39 

8-03 

13-39 

The  rate  of  slope  (the  ratio  of  the  hypothenuBO  to  the  prepoidicular)  is 
the  ooseonnt  of  the  angle  of  inolinatian.    The  mte  ot  inclination  (the  ratio 

of  the  base  to  the  perpandioulaT)  ia  the  ootangent  of  the  angle  of  in  " 


The  {ffocess  is  called  stepping,  and,  on  steep  ground,  may  be 
carried  on  by  half-chains,  or  even  shorter  ^stances.  A  more 
accurate  method  is  to  measure  the  angle  of  the  declivity.  The 
coune  of  this  angle,  multiplied  by  the  measured  hypothenuse, 
gives  the  length  of  the  horizontal  distance. 

The  most  convenient  method  is  by  means  of  a  oorreetion  to  be 
deducted  from  each  chain.    This  correction,  being  known,  may 


,.  Google 


meflSQiing  up  and  down  slopes,  or  along  the  face  of  the  coal; 
(2)  greater  accuracy  in  measniiiig  from  one  station  to  another, 
as  the  tape  foima  a  straight  line  from  one  station  to  the  other, 
and  there  is  no  eiror  from  the  use  of  arrows ;  {3)  the  tape  does 
not  stretch  appreciably.  Its  disadvantages  are — (1)  it  is  liable 
to  break,  unless  carefully  handled;  (2)  it  is  necessary  to  roll 
it  np  and  unroll  it  again  when  the  distances  vary  very  much. 
•  Tram.  Antr.  Inil.  M.E.,  vol.  ii.,  187*.  p.  219. 
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The  tape,  however,  can  be  earaly  mended  when  it  breaks.  For 
this  purpose,  a  small  sleeve  of  brass  is  made  tinned  inside,  in 
wHcfi  the  broken  ends  of  the  tape  are  slipped  and  then  soldered 
by  heatiog  the  sleeve  with  a  red-hot  poker. 

There  are  three  sources  of  error  in  the  use  of  the  steel  tape, 
(1)  the  extension  of  the  tape  by  stretching ;  (2)  the  shorteiung 
of  the  tape  in  consequence  of  ite  assutniug  the  form  of  the  cate- 
nary curve  ;  and  (3)  the  contraption  or  expansion  due  to  change 
of  temperature.  The  tape  does  not  stretch  to  any  appreciable 
extent,  and  any  error  thus  caused  is  compensated  by  the  short- 
ening due  to  the  formation  of  the  catenary  curve  by  the  tape. 
The  true  distance  indicated  by  a  500-foot  steel  tape,  when  sub- 
jected to  the  usual  tension  of  40  lbs.,  is  calculated  to  be  499-9185 
feet.  With  regard  to  the  expansion  caused  by  change  of  tem- 
perature, a  tape  measuring  600  feet  in  length  at  32°  F.  becomes 
500-6  feet  In  length  at  212°,  so  that  a  variation  of  60°  causes  a 
variation  of  only  0-2  foot  in  a  500-foot  tape. 

A  steel  band,  300  to  700  feet  long,  is  to  be  recommended  for 
all  important  surface  work  in  mine -surveying,  whilst  the  chain 
should  be  used  for  filling  in  details,  and  where  extreme  accuracy 
is  unnecessary. 

Heasurement  at  Base-Hnes  in  TOgODometrteal  Surveys.— Before 
compensating  bam  were  invented,  steel  chains  were  employed 
for  base-measuiement  in  the  Great  Trigonometrical  Survey  of 
the  United  Kingdom.  In  using  the  steel  chain,  a  drawing-poat 
and  a  weight-post  were  used ;  a  56-lb.  weight  being  always 
applied  to  one  end  of  the  chain,  whilst  the  other  was  fixed  to 
the  drawing-post.  The  chain  was  made  to  rest  in  deal  coflers 
supported  by  trestles,  in  order  to  obtain  a  perfectly  levei  surface, 
and  thermometers  were  placed  at  difierent  distances  in  order  to 
ascertain  the  temperature  of  the  chain,  so  that  the  base  might 
be  reduced  to  its  value  at  a  given  temperature.  The  chain  waa 
100  feet  long,  and  consisted  of  40  links,  each  J  inch  square. 

When  very  accurate  meaaurements  were  required,  deal  rods 
were  at  one  time  largely  used  instead  of  the  chain  for  measuring 
long  lines.  They  were,  however,  soon  discarded  in  exact  opera 
tioDS,  as  experience  showed  that  they  were  liable  to  sudden  and 
irregular  chaogea  in  length  from  dryness  or  humidity.  Saturated 
with  boiled  oil,  and  tSterwards  covered  with  a  thick  coat  of 
varnish,  well-seasoned  wooden  rods  will  be  found  sufficiently 
exact  for  ordinary  purposes.  Such  rods  are  usually  made  of 
lance  wood,  and  are  5  feet  in  length.  They  must  be  placed  in 
line  very  carefully  end  to  end-    They  are  rarely  placed  directly 
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on  the  gionnd,  wliich,  as  a  role,  is  too  uneven.  A  horizontal 
line  may  be  conatmcted  along  the  base  to  be  measuied,  by  means 
of  a  stretched  cord. 

On  the  Trigonometricfd  Survey  of  the  United  Eingdom,  ghtss 
rods  were  substituted  for  wood  in  the  measuiement  of  the 
Hoiinslow  base  in  1784.  Their  ends  were  protected  with  metal 
caps.  The  results  obtained  were  perfectly  satisfactory,  measure- 
ments with  the  glass  rods  and  a  check  measuiement  with  a  steel 
chain  of  perfect  workmanship,  giving  results  that  diSered  by 
little  more  than  half  an  inch  in  the  base-line  of  27,104  feet.  Steel 
rods  also  have  been  found  useful. 

For  the  measurement  of  the  Loch  Foyle  base,  an  apparatus 
was  devised  bv  Colonel  Colby,  In  this  he  obtained  an  unalter- 
able linear  measure  by  using  compensating  eipansione.  Two 
bars,  one  of  iron,  the  other  of  brass,  10  feet  long,  were  placed 
parallel  to  each  other,  and  rivetted  at  the  centre,  it  having  been 
found  by  numerous  experiments  that  they  expanded  or  con- 
tracted in  the  proportion  of  3  to  5.  The  brass  bar  was  coated 
with  some  non-conducting  substance,  in  order  to  equalise  the 
susceptibility  of  the  two  metals  to  change  of  temperature. 
Across  each  end  of  these  combined  bars  was  fixed  a  tongue  of 
iron,  with  a  minute  dot  of  platinum  so  situated  on  this  tongue 
that,  with  every  change  of  contraction  or  expanmon,  the  dots  at 
each  end  always  remained  at  the  constant  distance  of  10  feet. 

The  methods  of  base-line  measuiement  outlined  above,  whilst 
giving  great  accuracy,  are  very  tedious  and  costly,  the  modem 
method  is  to  use  very  accurate  steel  tapes,  preferably  made  of 
invar,  which  is  a  nickel-steel  alloy  containing  36  per  cent,  of 
nickd,  and  whose  contraction  and  expansion  with  varying  tem- 
perature is  the  least  of  any  known  metal  or  alloy.  The  measure- 
menta  may  be  made  along  the  surface  of  the  ground,  or  the  tape 
may  be  supported  on  trestles  placed  at  each  end,  the  latter  method 
enabling  a  more  accurate  result  to  be  obtained,  although  the 
former  is  quite  accurate  enough  for  all  mine -surveying  purposes, 
providing  a  sufficient  length  of  suitable  ground  ia  a'railable,  the 
probable  error  varying  from  1  in  10,000  to  1  in  30,000.  Corrections 
nave  to  be  apphed  in  both  cases,  the  chief  being  for  temperature 
and  tenuon,  and  in  the  second  method  correction  for  sag  is  very 
important.  If  the  base-line  is  laid  out  on  sloping  groimd,  the  angle  of 
slope  must  be  measured  and  the  horizont^  equivalent  computed.* 

*  For  full  details  of  base-line  meaEarement  by  modem  methodB,  see 
Text-book  of  Topographical  and  OeograjAical  Survtyivg,  by  Colonel  O.  F. 
C^iw,  C.H.Q.,  B.E.,  seoood  edition. 
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FleU-Compasses.— Theae  are  rods  3  to  1  yards  in  length,  tei- 
minated  by  two  points,  and  provided  in  the  middle  with  a  builder's 
level  and  a  handle.  This  appiiratus  ia  often  used  on  the  Continent 
for  fining  in  details. 

Heasuring-Whwl. — The  viameter,  oi  measuiiDg-whee},  is  some- 
'  times  used  for  measuring  station-lines.  The  wheel  is  rolled  over 
the  ground  to  be  measured,  and  ita  motion  is  communicated  to  a 
series  of  toothed  wheels  so  proportioned  that  the  index-wheel 
registers  their  revolutions,  and  records  the  whole  distance  passed 
over.     On  very  even  ground  the  results  are  fairly  satisfactory. 

Psdog. — A  line  may  be  measured  by  pacing,  with  tolerable 
accuracy.  This  method  consequently  ia  frequently  employed  on 
explorations,  preUnoinary  surveys,  and  in  levelling  with  the 
aneroid  barometer.  In  order  to  obtain  accurate  results,  the 
surveyor  must  accustom  himself  to  an  accurate  pace.  This  may 
be  done  by  pacing  a  distance  of  200  to  300  yards  repeatedly, 
until  the  same  number  of  paces  is  always  obtained.  An  instru- 
ment, called  a  passometer,  made  in  the  form  of  a  watch  may  be 
conveniently  used  for  registering  the  number  of  paces,  thua 
precluding  the  absorbing  attention  required  for  accurately 
counting  a  considerable  number  of  paces.  The  distance  may  be 
leistered  direct  by  a  similar  instrument,  the  pedometer,  which 
can  be  adjusted  with  facility  to  long  or  short  steps. 

The  usual  step  is  the  military  pace  o£  30  inches,  108  of  these 
paces  per  minute  representing  a  velocity  of  3-07  miles  an  hour 
If  no  unfavourable  conditions  come  into  play,  for  example,  slope 
of  the  station-line  or  fatigue,  a  distance  may  be  determined  by 
pacing  accurately  to  within  2  per  cent.  The  pace  of  the  surveyor 
should  be  re-measuied  from  time  to  time,  since  after  the  age  of 
25  to  30  years,  the  length  of  the  pace  diminishes  considerably 
with  increasing  ^e. 

On  slopes,  the  pace  is  alwa)^  shorter  than  on  level  ground 
Professor  W.  Jordan  gives  the  following  averages  : — 


KlM. 

Pice. 

j        F^,. 

Pace. 

Ii.ch«. 

iDclin. 

30-3 

30-3 

S" 

27-5 

5° 

291 

10° 

24-4 

10° 

28-3 

16° 

22-0 

15° 

27-S 

20° 

19-7 

26'3 

26' 

17-7 

25° 

23-e 

30° 

16-0 

30° 

197 
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The  relation  between  the  height  of  the  individual  and  the 
length  of  Ma  pace,  may  be  seen  from  the  following  averages : — 


HclghC 

Pace. 

Height 

.^ 

F«t.        lucheB 

6            0 
6             2 
6            4 
S            6 

Inches. 
29-5 
30-3 
30-7 
31-1 

Feet.      IncheB. 
5            S 

5  10 

6  0 
6            2 

Inches 
31-6 
322 
336 
33-0 

Accuracy  of  Unear  Measuremente.— Professor  F.  Lorber,  of  the 
Leoben  School  of  Mines,  has  made  a  careful  study  of  the  accuracy 
of  linear  measurements.  From  6,000  measuiementB,  he  deduces 
the  follomng  table  showing  the  mean  error  of  each  method 
employed.  The  error  is  proportional  to  the  square  root  of  the 
length,  according  to  the  theory  of  probabihties.  The  mean  error 
m  in  measuring  a  Une  L  by  six  different  methods  is  as  follows  :— 

SqnBn  rooC  at  L 
■nultiplled  br 

Two  roda  dont!  a  stretehed  corf,         .        .  m  =  0-OW636 

Two  rods,  without  cord m  =  0-000927 

Chain m  =  0-003000 

Steel  band m  =  0-002160 

FicId-compas3eB m  =  0-002120 

Measuring-wbeel,        .  .         .  m  =  0-003000 

The  mean  error  is  thus  approximately— 

1     :     2     I    6     :    4    ;    4    :    7, 

according  to  the  method  employed.  Thus,  a  measurement  with 
rods  along  a  stretched  cord  is  six  times  as  exact  as  a  measurement 
of  the  same  line  with  the  chain.  Fromi  the  results  given  above, 
it  is  evident  that  measurements  with  rods  along  a  stretched  cord 
are  the  most  exact,  whilst,  with  the  exception  of  the  measuring- 
wheel,  the  chain  gives  the  most  untrustworthy  results.  The 
steel  band,  too,  gives  results  one  and  a  half  times  more  accurate 
than  those  given  by  the  chain.* 

*  Impioved  metbodi  of  chaining  are  dsearibed  by  W.  H.  ThoiiipRon> 
Min.  Proc  Inet.  C.E.,  vol.  zdi.,  1888,  p.  268.  When  exoeBsiTe  aocniaoy 
is  leqoiied,  H.  Przyborski,  ibid,,  vol.  oiliv.,  1901,  p.  3S6,  reoommeads 
■  hooknig  a  Bpring-bt^nnce  to  the  ateel  band  and  maintainiug  a  oonstant 
tenmoQ.  The  bftUuce  ia  a  brass  tube,  i  inches  long,  contaimng  a  tprinn 
and  a  piaton  with  an  indicator  woAing  in  a  aide  groove.     A  small  atop 
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Norma)  errors,  such  aa  those  due  to  defects  in  the  inatrument, 
and  errors  in  ^ignment,  increase  in  proportion  to  the  length. 
For  the  variouB  instiuments,  with  the  exception  of  the  rods  along 
a  Btretched  cord,  where  the  normal  error  r  is  reduced  to  a  mini- 
mum, these  errors  are  as  follows  : — 

Two  nxlB,  withODt  oord.    .  .         .  r  =  —  0-00008  L 

Chain, r  =  +  0-00046  L 

Steel  band r  =  -  0-00032  L 

Field-campasses, r  =  — 0-00079  L 

In  the  case  of  the  chain  only  is  the  error  positive  ;  that  is  to  say, 
the  length  measured  is  longer  than  the  true  length. 
The  rapidity  of  measuring  is  shown  by  the  following  averages :— 


Ubah  smD 

PIE  mmrTB- 

THBTSmaiHT. 

ASSWTiMB. 

Absolut*. 

PerAulitmt. 

Kods.       .... 

2 

45 

22 

Chain 

2 

69 

20 

Steel  band. 

65 

32 

' 
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They  are  uBimlly  made  witli  a  linen  tape,  the  right  ftngle  b^ng 
j  udged  by  the  eye  or  by  the  simple  expedient  of  fining  the  shortest 
diBtance  between  the  point  being  ofE-eetted  and -the  chain-line. 
It  will  be  evident  that  the  accuiacy  with  which  the  point  is  fixed 
depends  largely  on  the  correctness  with  which  the  right  angle 
is  judged  and  the  len^h  of  the  oS-eet,  so  that  they  shoidd  always 
be  aB  short  as  circumstances  will  permit,  and  this  point  shoiJd 
be  kept  in  mind  in  arranging  the  triangles.  OS-setting  is  carried 
on  simultaneouely  with  the  measurement  of  the  chain-lines  and 
the  procedure  in  the  case,  for  instance,  of  a  boundary  fence  or 
wall  is  as  follows ;— A  careful  observation  is  made  for  each  pcnnt 
where  the  direction  of  the  boundary  changes.  The  ring  of  the  tape 
is  held  at  the  point,  and  the  tape  pulled  out  until  the  chain-line 
is  reached ;  it  is  then  kept  fairly  taut,  and  made  to  describe  an 
arc  with  the  ring  as  centre.  By  this  means  the  shortest  distance, 
which,  of  eourae,  must  be  the  required  perpendicular,  is  obtained, 
and  the  readings  of  the  tape  and  the  chain  are  entered  in  the  notes 
as  the  distance  of  the  ofi-set  and  its  position  on  the  chain-line 
respectively.  The  selection  of  the  points  for  ofi-setting  an  irregu- 
larly curved  boundary  is  a  matter  of  some  judgment,  the  aim 
being  always  to  obtain  as  true  a  representation  of  the  form  of 
tile  boundary  as  possible ;  it  is  decided  to  a  certain  extent  by  the 
scale  to  which  the  surrey  will  be  subsequently  plotted,  although 
it  is  always  advisable  to  allow  for  the  possibility  that  a  la^er 
scale  plan  may  sometime  be  reqmred.  In  the  case  of  a  boundary 
which  follows  a  regular  curve,  the  oS-sets  should  be  taken  at 
equal  intervals  on  the  chain-line,  say  every  chain  or  half-«hain, 
depeoding  on  the  radius  of  the  curve.  In  ofE-setting  walls  the 
measurement  is  usually  made  to  the  face  (d  the  vrall,  and  an 
aUowanoe  made  for  the  thickness  to  the  centi«. 

A  woid  may  be  said  here  with  reference  to  the  deUneation  of 
boundaries,  A  so-called  boundary  wall  or  fence  may  not  be  the 
actual  boundary,  which  may  follow  the  course  of  a  ditch  running 
aloi^de,  or  may  be  a  umform  distance  of,  say,  a  yard  on  one 
or  other  ffide  of  the  fence  or  wall.  Loc^  practice  with  regaid 
to  such  matters  must  bo  ascertained  or  leg^  evidence  obtained, 
a.R  in  the  ease  of  valuable  mineral  properties  it  may  be  a  matter 
of  confflderable  financial  importance. 

The  method  of  fixing  the  position  of  buildings  can  best  be 
followed  from  the  example  of  a  survey  given  on  p.  39,  et  seq. 
(»ee  lines,  23,  24,  pp.  62,  53). 

ObUqDB  Off-sets. — Where  it  is  denied  to  fix  the  position  of  a 
pcuit  with  greater  accuiacy  than  can  be  attained  by  a  simple 
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off-set,  w!iat  are  known  as'  oblique  off-sets  may  be  taken.  In 
this  case  measurements  ate  made  from  two  points  separated  by 
a  convenient  distance  on  the  chain-line  to  the  point  whose  position 
is  to  be  fixed,  forming  with  the  distance  on  the  chain-line  a  small 
subsidiary  triangle. 

Recran^saDCe. — In  applying  the  method  of  chain-surveying 
to  extensive  areas,  the  first  procedure  should  be  to  make  a  very 
careful  reconnaisance  of  the  whole  of  the  ground,  durii%  which 
sketches  should  be  made  giving  a  fairly  good  idea  of  the  form 
of  the  boundary  and  the  approximate  position  of  the  principal 
features  which  have  to  be  incorporated.  The  arrangement  of  the 
lines  can  then  be  made  in  such  a  way  that  well-conditioned 
triangles  are  obtained  and  obstacles  to  chaining  and  difficult 
ground  avoided  as  far  as  possible.  In  canyi^g  out  a  reconnaisance 
full  advantage  should  be  taken  of  any  existing  plans  or  maps 
that  may  be  available.  After  the  reconnaisance  has  been  com- 
pleted a  diagrammatic  sketch  is  made  showing  the  arrangement 
of  the  principal  lines. 

Ranging— This  is  the  operation  of  laying  out  the  Unes  on  the 
ground,  and  is  carried  out  with  the  aid  of  ranging  rods  or  poles, 
which  are  usually  made  of  wood,  and  are  about  6  feet  in  length, 
taperii^  slightly  from  the  bottom,  which  is  shod  with  iron  and 
pomted  so  that  the  poles  can  be  pushed  into  the  ground  suffi- 
ciently for  them  to  stand  firm.  They  are  painted  in  alternate 
divisions  of  black  and  white,  red  and  white,  or  better  still,  of 
red,  black,  and  white,  so  that  they  have  a  very  distinctive  appear- 
ance, which  enables  them  to  be  picked  out  readily  at  a  distance. 
The  length  of  the  painted  divisions  is  usually  made  of  exactly 
a  foot  or  link,  so  that  short  off-sets  can  be  measured  with  them. 

For  raiding  over  hilly  country,  poles  up  to  10  feet  long  are  some- 
times found  useful,  as  with  these  a  longer  line  of  sight  is  possible. 
The  rods  which  roark  the  position  of  stations  may  be  rendered 
more  conspicuous  by  the  aid  of  flags.  These  should  not  be  too 
large,  otherwise,  if  there  is  any  wind  blowing,  they  tend  to  pull 
the  pole  out  of  the  vertical.  Satisfactory  Sags  can  be  made  by 
joining  together  two  pieces  of  red  and  white  bunting  to  form  a 
KCtaogle  about  14  X  7  inches,  one  of  the  shorter  aides  being 
folded  over  and  sewn  to  form  a  sleeve,  closed  at  the  top,  to  slip 
over  the  pdes,  the  flag  being  secured  by  means  of  a  tape  sewn 
to  the  lower  end  of  the  sleeve.  Triangular- shaped  flags,  though 
rather  more  trouUesome  to  make,  are  quite  as  efficient,  and  have 
leas  tendency  to  pull  the  poles  over. 

In  carrying  out  the  operation  of  ranging,  a  pole  is  jiut  in  at 


,.  Google 


26  lailE-SDBTEYINa. 

the  starting  point  of  a  line,  as  decided  by  the  scheme  alreocly 
arranged.  The  surveyor  then  stands  behind  this  and  directs  Ws 
asustant  to  walk  in  a  line  in  the  approximate  direction  desired, 
and  put  in  a  second  pole  at  a  convenient  distance.  When  these 
two  poles  are  set  up  the  absolute  direction  of  the  line  is  considered 
as  being  fixed,  and  must  be  maintained  until  the  whole  line  is 
laid  out.  The  line  is  extended  by  the  assistant  taking  a  third 
pole  and  walking  on  to  about  an  equal  distance  and  fixing  this 
so  that  it  is  exactly  in  line  with  the  other  two.  In  order  to  make 
the  alignment  correctly,  the  observer  stands  with  his  (ace  quite 
close  to  the  pole,  which  should  be  between  his  eyes,  and  adjusts 
his  position  until  the  two  distant  poles  appear  coincident. 


Vig.\. 

The  accuracy  of  the  alignment  depends  mainly  on  the  verticality 
of  the  poles  and  the  distance  between  them.  The  latter  is  decided 
by  the  clearness  of  the  atmosphere  and  the  flatness  or  otherwise 
of  the  ground,  and  should  be  made  as  long  as  possible  with  the 
proviso  that  there  shall  be  no  effort  required  on  the  part  o£  the 
chaimnen  to  see  from  rod  to  rod.  As  the  chaining  proceeds  the 
back  rods  are  collected  for  use  on  the  forward  part  of  the  line. 


Rg  8 

In  the  above  description  it  has  been  assumed  that  the  general 
direction  of  the  line  could  be  given  from  the  starting  point.  Where 
the  profile  of  the  ground  renders  this  impossible,  the  procedure 
has  to  be  varied.  Two  typical  cases  will  now  be  considered. 
First,  taking  a  case  as  represented  by  Figs.  1  and  2,  the  former 
showing  a  section  along  a  line  which  has  to  range  between  the 
two  points  A  and  B,  and  the  latter  the  position  in  plan.  As  will 
be  seen  from  the  section,  the  two  points  are  invisible  from  one 
another,  but  both  visible  from  the  two  intermediate  points  C 
and  D,  situated  at  the  summit  of  the  hill,  these  points  being 
selected  as  nearly  as  can  be  judged  in  the  direction  of  the  Une, 
and  as  far  apart  as  possible.   Poles  provided  with  flogs  aie  inserted 
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the  positioa  V  in  the  figure,  the  line  AF  being  at  right  angles 
accoiding  to  a  simple  geometrical  piopoaltion. 


■^ 


^- 


\ 


Mg.S. 

The  second  method  is  illustrated  in  Fig.  4,  and  depends  upon 
the  fact  that  the  ehorter  sides  of  a  triangle  whose  sides  are  in  the 
proportion  of  3,  4,  and  5  must  contain  a  right  angle.  It  is  desired  - 
to  set  oS  a  perpendicular  from  the  point  A.  A  distance  of  40  links 
is  measured  off  along  the  cliflin-line  AB  to  a  point  C,  one  handle 
of  the  chain  is  kept  in  position  by  an  arrow  at  A,  and  an  arrow 
is  put  through  the  chain  at  the  80-link  mark,  and  inserted  into  the 
ground  at  C.  Taking  hold  of  the  chain  at  the  30-link  mark,  it 
is  pulled  away  from  the  chain-hne  until  the  two  sides  of  the 
chain  are  atra^ht.  The  30-link  mark  then  occupies  the  position 
D,  the  line  AD  being  at  right  angles  to  AB. 


./ 


The  setting  ont  of  right  angles  can  be  performed  much  more 
quicMy  and  accurately  by  means  of  either  the  cross-staff  or  the 
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an  angle 'with  tlie  original  diiection  equal  to  twice  the  angle 
between  the  minora.  In  the  figure  the  two  nurrors  are  shown 
at  M  and  M^,  the  upper  portion  of  the  mirror  at  M,  beinff  left 
unsilvered,  so  that  an  object  can  be  viewed  direct  from  the  sighting 
aperture  S  through  the  window  Wj. 

In  use  the  instrument  is  held  in  the  hand  at  the  position  at 
which  the  perpendicular  is  to  be  erected,  on  the  chain-line,  the 
direction  of  ^mch  ie  indicated  by  the  dotted  line  LLj*,  a  pole 
fixed  at  some  distance  away  on  the  chain-line  is  sighted  direct, 
and  an  assistant  provided  with  a  pole  is  directed  to  move  until 
the  doubly-ieflected  image  of  hia  pole  appears  as  a  continuation 
of  the  pole  fixed  on  the  chain-Hue,  the  assistant's  pole  being  then 
in  the  fine  MR  at  right  angles  to  the  chain-hne. 


Bg-a 


The  instrument  is  about  2  inches  in  diameter,  and  can  be 
comfortably  carried  in  a  waistcoat  pocket. 

The  principle  of  the  optical  square  is  also  appfied  in  another 
instrument  for  setting  out  right  angles,  which  has  recently  been 
fairly  extensively  used,  and  which  may  be  termed  the  prismatic 
square.  It  is  illustrated  in  Fig.  7,  the  left-hand  sketch  showing 
the  general  appearance  of  the  instrument,  being  about  two-thirds 
the  natural  size.  It  consists  of  a  sofid  glass  prism,  with  the  faces 
ground  accurately  to  the  angles  shown  in  the  right-hand  part 
of  Vig.  7.  The  face  opposite  the  right  angle  is  silvered,  the  other 
faces  being  left  plain.  In  setting  o&  a  perpendicular,  the  observer 
holib  the  instrument  in  his  band  above  the  point  on  the  chain- 
line,  and  looking  above  the  top  of  the  prism,  sights  a  pole  fixed 
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wMch  point  the  measutement  is  carried  on  in  the  ordinary  manner. 
The  points  of  interaection  of  the  line  with  the  obetaclea  are 
obtained  by  forward  and  backward  measuiemente  from  C  and  H 
respectively,  OS-seta  may  be  taken  from  any  of  the  lines  used 
in  the  process  if  these  are  noted. 

In  the  second  case,  which  is  illustrated  in  Fig.  9,  an  obstacle 
such  as  that  presented  by  a  watei-course  more  than  a  chain- 
length  across,  is  taken,  this  being  a  case  more  likely  to  arise  than 
any  other,  as  being  more  difficult  to  avoid. 

In  this  case  the  ranging  of  the  line  is  uninterrupted,  and  a  pole 
is  put  in  on  the  far  side  of  the  obstade  at  H,  the  chaining,  which 


Fig.  9. 


is  proceeding  from  A  to  B,  is  carried  up  to  the  point  C,  at  which 
a  perpendicular  OD,  about  equal  in  length  to  the  width  of  the 
gap,  is  set  off,  and  a  pole  set  at  D.  A  similar  distance  is  measured 
back  along  the  chain-Une  to  E,  and  a  perpendicular  set-ofi  from 
this  point  on  the  same  side  as  CD,  and  marked  by  two  poles. 
The  surveyor  then  takes  another  pole,  and  retires  from  the  chain- 
line  along  the  perpendicular  set-ofi  from  B  imtil  his  pole  is  also 
in  tine  with  the  poles  at  D  and  H.  A  pole  is  inserted  at  this 
point,  F,  and  the  distances  EF,  EC,  and  CD  are  measured.  From 
the  data  so  obtained  the  width  of  the  gap  is  ascertained  as  follows ;  - 
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Field  BookL — ^Tlus  term  is  applied  to  the  notes  of  amy  surrey, 
vhether  surface  or  underground,  taken  at  the  time  the  survey 
is  beii^  made.  The  recording  of  the  notes  is  a  matter  of  the  highest 
importance,  and  considerable  practice  and  unreautting  oaie  are 
necessary  in  order  to  produce  a  field  book  which  can  readily  be 
plotted  by  an  independent  draughtsman,  whose  sole  guide  is  the 
field  book  ttaeli 

The  method  of  entering  the  notes  varies  considerably,  the 
most  usual  form  being  that  adopted  for  the  example  ot  a  chain 
soivey  shown  on  p.  39,  et  aeq.  In  this  a  double  line  is  ruled 
up  the  middle  of  the  page  to  represent  the  imaginary  chain-lino 
broadened  out.  Many  surveyors  prefer  to  represent  the  chain-line 
by  a  single  line  in  place  of  a  double  one ;  the  adoption  of  one  or 
the  other  is  a  matter  of  individual  taste. 

The  entry  of  the  nates  starts  at  the  bottom  of  the  page  a&d 
proceeds  upwards,  and  whilst  in  the  act  of  entering  the  notes 
the  surveyor  should  always  stand  so  as  to  be  looking  in  the  direc- 
tion in  which  chaining  is  proceeding,  so  that  it  conies  natural 
to  make  the  entries  in  their  correct  relative  portions.  Ample 
space  should  be  allowed  between  the  entries  on  the  chain-line, 
crowding  of  the  notes  almost  inevitably  leading  to  confusioa 
In  the  example  given,  the  bookings  might  with  advantage  occupy 
considerably  more  space,  which  has,  however,  here  been  mini- 
mised in  order  to  meet  the  exigencies  of  publication. 

The  book  itself  should  be  made  up  with  good  quality  paper, 
and  the  binding  should  be  flexible,  so  that  the  book  can  be 
opened  out  quite  flat  without  fear  of  loosening  the  leaves. 
It  facilitates  reference  if  each  of  the  pages  is  numbered.  The 
pencil  used  for  entering  notes  should  be  of  good  quality, 
and  should  be  soft  enough  to  make  a  perfectly  legible  entry, 
yet  one  which  will  not  be  affected  by  fairly  hard  friction. 
The  grade  H  or  HB  of  moat  good  makes  will  usually  be  found 


At  the  commencement  of  the  field  book  the  title  of  the  area 
under  survey  should  be  staled,  together  with  the  names  of  the 
surveyor  and  his  assistant,  and  the  date.  The  number  of  .the 
line  then  follows,  its  starting  point  being  indicated.  Distances 
on  the  ohain-line  are  entered  between  the  ruled  lines;  od-sets 
are  noted  by  simply  entering  their  lengths  opposite  the  entry 
on  the  chain-line  to  which  they  refer.  The  position  of  stations 
is  denoted  by  a  dot  surrounded  by. a  circle,  or  by  underlining 
their  ohain-line  measurement.  Oblique  oS-sets  are  indicated 
by  dotted  lines  (see  line  Q  at  149  and  237  in  the  example  of  the 
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hilly  giOQBd  half  the  number  should  be  about  &  feet  long.  A 
number  of  wooden  pegs  1  inch  square  ID  section  and  about  4  inches 
lom,  and  pointed  at  one  end;  these  are  for  marking  stations, 
and  a  stock  of  a  few  dozen  should  be  kept  available.  A  mallet 
or  hammer  for  diivii^  in  p^s.  The  foregoing  represent  the  really 
iadispensable  articles  of  equipment.  The  following  will  be  found 
to  be  very  useful  adjuncts : — A  pair  of  good  field-glassee,  an 
optical  square  or  prismatic  square,  and  a  simple  though  well- 
constructed  pocket  compass. 

Example  of  Chain  Survey.— The  fdlowing  diagram  of  lines 
and  field  book  for  a  survey  intended  for  the  production  of  a  plan 
on  a  scale  of  two  chains  to  the  inch  are  given,  together  with  a 
small  scale  plan,  to  illustrate  the  method  of  carrying  out  a  chain 
survey. 

In  this  case  the  reconnaissance  reveals  only  one  source  of 
trouble — viz.,  the  rather  thickly- wooded  plantation,  which 
presents  considerable  difficulty  in  ranging  and  chaining,  the 
ground  generally  beii^  fairly  flat.  Had  the  plantation  been  non- 
existent, following  the  usual  practice  of  basing  the  scheme  on  the 
■oldest  line  available,  a  line  would  have  been  run  from  the  south- 
west corner  to  the  north-east  comer,  and  all  the  main  triangles 
established  on  this.  Under  the  circumstances  the  arrangement 
adopted  was  considered  advisable,  though  it  wilt  be  seen  that 
several  modifications  are  possiUe. 

Attention  should  also  be  called  to  the  fact  that  two  of  the 
principal  stations  are  outside  the  boundary  of  the  area,  and 
necessitate  permission  from  the  occupiers  of  adjoining  land  to 
.allow  access  to  them.  It  is  always  preferable  to  arrange  the  lines 
so  that  they  are  within  the  boundary  of  t^e  property,  but  if 
operations  can  be  facilitated  by  such  an  arrangement,  as  shown 
in  the  examj^e,  no  hesitation  should  be  made  in  applying  for  the 
necessary  permission,  especially  as  it  is  very  rarely  withheld. 

Plottii^  of  Chain  Survey.— The  methods  employed  in  plotting 
the  notes  of  chain  surveys  is  dealt  with  in  Chapter  XIII. 
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AppUoation  and  DeattitlOn.~Tliis  method  oE  surveTing  being  the 
only  one  available  for  the  undergroimd  wortdnga  o(  a  mine,  is  of 
prime  importance  to  mine  surveyors.  Its  use  is  not  confined 
to  undeiground  work,  the  method  having  a  fairly  wide  cange 
of  application  at  the  surface. 

As  briefly  ezplfuned  in  Ohapter  I.,  it  consists  essentially  in 
measuring  the  distfvnces  and  diiectiona  of  a  series  of  connected 
Btrdght  lines  or  "  drafts,"  which  follow  approximately  thd 
course  of  a  roadway,  boundary,  or  the  like.  The  distances  ara 
measured  direct  by  any  of  the  methods  already  described,  the 
direction  of  each  line  being  determined  by  the  angle  which  it 
makes  with  some  convenient  standard  line  of  reference,  measured 
with  the  wd  of  instruments  specially  designed  for  the  purpose. 
For  the  sake  of  brevity  a  traverse  survey  is  frequently  spoken 
of  simply  as  a  "  traverse." 

Oosed  Traverse. — Wherever  posEdble  a  traverse  should  be 
arranged  so  that  the  lines  form  a  complete  circuit  in  themselves, 
or  connect  points  whose  relative  positions  have  been  previously 
determined,  such  a  traverse  being  termed  "  closed,"  and  its 
closure  on  plotting  or  as  proved  by  calculation  aSords  the  most 
convincing  proof  of  accuracy  of  both  the  iield  and  of&ce  work 
of  the  survey. 

Direction  of  Travwse.— In  order  to  avoid  conf  asion  in  expressing 
the  directions  of  the  lines,  a  traverse  is  normally  couaiaered  to 
run  in  one  direction  only — viz.,  from  the  point  at  which  the  survey 
is  commenced,  and  which  is  referred  to  as  the  "  point  of  origin," 
towards  the  finishing  point,  and  the  normal  direction  of  each 
of  the  lines  corresponds  with  that  of  the  traverse. 

Fig.  11  represents  the  arrangement  of  the  lines  of  a  traverse 
nlong  a  portion  of  a  roadway.  The  standard  Une  of  reference  is 
re^esented  by  the  line  SN,  O  being  the  point  of  origin  of  the 
traverse,  the  normal  direction  (A  which  is  OABCDE. 
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Ham  of  .ReteiMiee  at  Medians. — The  atandaid  line  of  refei- 
epce  to  which  the  directions  of  the  lines  are  referred  may  be  any 
1  ne  most  convenient  for  the  purpose.  la  practice  this  is  generally 
found  to  be  either  the  geographical  or  true  meridian,  the  magnetic 
meridian,  or  one  of  the  lines  forming  part  of  the  traverse.  In  the 
last-mentioned  case  the  line  may  conveniently  be  assumed  to  be 
» trae  meridian,  the  northerly  direction  of  vluch  is  in  the  normal 
direction  of  the  traverse,  this  assumption  being  made  dear  in 
all  notes  and  on  aU  plans  relating  to  the  survey. 

The  geographical  or  true  meridian  of  a  point  on  the  earth's 
surface  may  be  defined  ad'the  inu^inary  line  which  passes  through 
the  point  and  through  the  north  and  south  geographical  poles. 
In  plane  surveying  the  line  may  be  considered  as  being  straight, 
and  the  meridians  of  all  the  points  contained  by  the  survey  as 


Fig  il 


being  parallel.  The  methods  of  determining  the  true  meridian 
are  dealt  with  in  Chapter  XIL 

The  magnetic  meridian  of  a  point  on  the  earth's  surface,  owing 
to  the  variations  in  the  earth's  magnetism,  is  somewhat  difficult 
to  define  concisely ;  for  practical  purposes  it  may  be  considered 
as  being  the  imaginary  straight  ine  passing  through  the  centre 
line  of  a  symmetrical  magnetised  bar  freely  suspended  from  its 
centre  at  the  given  point,  when  in  its  mean  daily  position.  The 
variation  in  direction  of  the  magnetic  meridian  at  different  times 
and  at  different  points  on  the  earth's  surface,  even  within  com- 
paratively limited  areas,  requires  to  be  taken  into  account  in 
using  it  as  a  line  of  reference  for  the  directions  of  traverse  surveys, 
and  the  following  chapter  is  devoted  to  this  subject. 

Pwtmofal  Circle, — Ab  estabjished  by  long  usage,  the  ^or|nal 
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gradiution  of  the  horizontal  circle  used  in  muveytag  iiutmineiits 
and  protractors  for  setting  out  angles  on  paper  ia  shown  in  Kg.  13 
by  the  outer  numbers.  As  will  be  seen,  the  graduation  progreesea 
in  a  clockwise  direction,  and  this  system  is  followed  in  the 
conception  of  tbe  imaginary  horizontal  circle  used  in  ozpreeaing 
the  directions  of  lines.'  A  line  drawn  from  the  oentre  of  the  circle 
to  the  zero  of  the  graduations  represontB  the  nsference  line 
running  in  its  standard  direction. 


Fig.  ISi 

AsImDth. — The  azimuth  of  a  line  is  the  angle  it  forms  with  the 
true  meridian  as  measured  on  the  imaginary  horizontal  circle, 
the  starting  point  of  the  line  being  consideied  to  be  at  the  centre 
of  the  circle,  the  line  being  drawn  in  its  normal  direction  to  the 
circumiereoce.  When  the  One  of  reference  is  not  the  true  meridian, 
the  direction  of  the  bne  measured  as  described  is  termed  the 
"  magnetic "  or  "  assumed "  azimuth.  Xbe  term  azimuth  is 
synonymous  with  "  meridian  bearing,"  and  the  leas  frequently 
tised,  though  expressive  term  "  whole  cirole  bearing," 
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Variations  ov  the  Maqnetic-Needlf„* 

IHtecttfe  AcQon  o!  the  Earth's  Hagnetisin.— The  action  of  the 
earth's  magnfftUm  on  a  magnetic-needle  is  diiective— t.e.,  it 
causes  the  needle,  when  free  to  turn,  to  come  to  rest  in  a  definite 
direction — one  end  pointing  to  the  north  and  the  other  to  the 
south,  the  end  directed  to  the  north  is  called  the  "  north  pole," 
OT  more  correctly  the  north-seekiiig  pole  of  the  needle,  the  other 
the  "  south  pole  "  or  "  south-seeking  pole."  Magnetic  forces  act 
through  most  solids  and  liquids  as  instantaneously  and  with  as 
great  intensity  as  through  the  air. 

The  position  taken  up  by  the  needle  is  affected  by  the  proxinuty 
of  masses  of  iron  or  that  of  other  magnetic  bodies,  but  the  absence 
of  such  causes  of  local  deviation  is  assumed  in  considering  the 
direction  taken  up  by  a  magnetic- needle  (or  the  purposes  of  the 
present  chapter. 

Declination. — At  most  places  on  the  earth's  surface  the  north 
and  south  poles  of  the  m^netic-needle  point  only  approximately 
to  the  geographical  north  and  south,  and  the  angle  formed  by 
the  direction  of  the  needle  with  the  true  meridian  is  called  the 
"declination  of  the  magnetic-needle."  In  using  the  magnetic- 
needle  for  making  undeiground  surveys  it  is  assumed  that  the 
declination  at  a  point  below  the  surface  coincides  with  that  at 
'   the  corresponding  point  at  the  surface  of  the  earth. 

The  dedination  at  different  points  on  the  earth's  surface  varies 
very  considerably,  and  at  the  same  point  it  does  not  remain 
constant,  but  is  subject  to  continual  variations.  These  are  either 
regular  or  irregular.  Under  regular  variations  are  included 
"  Recular  "  and  "  diurnal  variations." 

Secular  Variations. — Observations  of  the  amount  and  direction 
of  these  variations  have  been  made  in  all  parts  of  the  world. 
The  first  observation  appears  to  have  been  made  in  Paris  in  the 
year  1541.  The  declination  of  the  needle  was  at  that  date  easterly, 
and  amounted  to  7°.    In  1550  it  was  8°,  whilst  in  1580  it  amounted 
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at  Glaagow  and  Dublin  about  3°  50'  greater.  At  Yarmouth 
and  Dover  the  decimation  is  about  40'  less  than  at  London. 

The  mean  value  of  the  magnetic  dechnatiou  for  any  particular 
place  in  Great  Britain,  at  which  no  magnetic  obfiervations  are 
made,  can  generally  only  be  inferred  from  the  map  prepared  in 
1872  by  Sir  F.  J.  Evans.  This  is  given  in  the  PhUosophical 
Trantactions,  1872,  vol.  162.  Allowance  must  be  made  for  the 
change  which  has  since  occurred.  A  umilar  map  of  England . 
and  Wales  is  published  every  year  by  the  CoUUry  GtMjdian. 

lo  certain  parte  of  the  earth,  the  magnetic  and  true  meridians 
coincide.  The  irregularly  curved  imaginary  line  joining  the 
points  where  there  is  no  declination  is  called  the  agonic  lituf. 
Such  a  hne  cuts  the  east  of  South  America,  and,  passing  east  of 
the  West  Indies,  crosaes  the  United  States,  passing  just  east  of 
Charleston,  Soath  Carolina,  and  just  west  of  Detroit,  Michigan. 
It  then  passes  through  the  NortJi  Pole,  crosses  Lapland  to  the 
Caspian,  cuts  the  east  of  Arabia,  and  passes  through  Western 
Australia  to  the  South  Pole. 

Isogonic  linea  are  imaginary  lines  jcunii^  the  places  on  the 
earth's  surface  whose  dedinations  are  equal  at  any  given  time. 
Maps  on  which  such  isogonic  lines  are  shown  ai«  called  dedina- 
tion  maps,  and  a  comparison  of  these  in  various  years  shows  the 
variation  to  which  the  declination  is  subject. 

The  great  variation  in  the  declination  shows  the  necessity  of 
teoordi^  the  date  and  declination  of  the  needle  on  all  mine- 
plans,  with  a  note  stating  whether  the  bearings  given  were 
magnetic  foeamigs,  or  were  reduced  to  the  angles,  which  the  lines 
would  form  with  the  true  meridian. 

The  antiquity  of  the  workings  on  an  old  undated  plan  may  be 
approximately  ascertained  from  the  meridian  line  ^own  on  it. 
Thus,  if  a  plan  is  found  to  be  constructed  to  a  meridian  with  a 
declination  of  24°  0'  west,  it  is  reasonable  to  suppose  that  it  was 
drawn  about  the  year  1800,  for,  according  to  the  table,  the 
declination  in  1802  was  24°  6'  west. 

Diurnal  Variation. — On  observing  a  magnetic-needle  throughout 
an  entire  day,  it  will  be  found  that  the  variation  does  not  remain 
constant,  but  changes  more,  and  in  a  different  way,  than  is 
demanded  fay  the  secular  change.  Observations  at  London  show 
that  at  about  8  a.m.  the  needle  reaches  its  furthest  point  east, 
and  that  at  1  p.m.  it  shows  the  neatest  westerly  deviation  from 
(he  mean  magnetic  meridian.  The  declination  then  decreases 
until  10  p.m.,  when  it  remains  stationary  until  4  a.m.  It  then 
decreases  again  until  8  a.m.,  by  which  time  it  has  again  reached 
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its  tuitheat  point  east.  The  needle  stands  at  its  mean  positjon 
a  little  after  10  a.m.,  and  a  little  before  7  p.m.  The  diurnal 
cliaDgeB  are  much  the  same  over  the  whole  -of  the  northern  hemi- 
sphere, though  the  amount  difieis. 

The  following  table  shows  the  diomal  variation  for  London 
(Kew),  Trevandrum  in  Madias,  and  Hobart  Town  in  Tasmania. 
Of  these  places,  the  first  is  a  station  in  middle  latitude  (northern 
hemisphere),  the  second  is  an  equatorial  station,  and  the  third  a 
station  in  middle  latitude  (southern  hemisphere). 


Host. 

tendon. 

Hobtrt  TDWD. 

Hlnotea. 

Mlnntefc 

Mtontt*. 

13  a.m. 

-5-13 

-0-61 

+1-36 

1p.m. 

-619 

-0-40 

+3-80 

2  p.m. 

-5-Bl 

-0-15 

+4-6S 

3tm. 

-4-28 

+0-18 

+4-40 

4p.ni. 

-2-ao 

+0-28 

+3-35 

ep.m. 

-i'2e 

+0-24 

+2-00 

6^. 

-0-3» 

+013 

+  M5 

7^. 

+0-22 

+0-04 

+0-S0 

8p.in. 

+0-68 

-0-06 

0-00 

»p.n,. 

+009 

-0-08 

-086 

10  p.m. 

+  1-24 

-0-06 

-0-80 

11p.m. 

+1-37 

+0-01 

-l-OO 

12  p.m. 

+  1*3 

+0-09 

-0-98 

1  a>.m. 

+  1M 

+0-13 

-0-7S 

2>.m. 

+  1-39 

+0-16 

~0M 

3  a.m. 

+  1-61 

+0-09 

-0-40 

+  1-88 

+0-02 

-0-40 

6  a.m. 

+2-51 

+0-01 

-0-7S 

«&.m. 

+3-07 

+018 

-1-30 

7  a.m. 

+3-68 

+0-32 

-2-18 

S&.m. 

+3-80 

+0-24 

-3-28 

g>.m. 

+2-98 

+0-06 

-3-70 

10  a.m. 

+0'46 

-0-22 

-3-00 

Ua.m. 

-2'BS 

-0-60 

-1-18 

The  djnmal  variations  are  found  to  vary  with  the  t 
the  year.  They  are  mach  greater  in  summer  than  in  winter. 
The  cause  of  the  variations  is  frequently  ascribed  to  the  influence 
of  Hunlieht.  Other  influences  appear  to  be  at  work,  as  ia  sboffn 
lijr  the  uct  that  the  variatioDS  of  the  declination  of  a  magnetic- 
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needle  at  a  place  on  the  earth's  surface  coincide  -mth  tbe  varia- 
tions observed  simultaneously  underground.  This  was  found  to 
be  the  case  at  a  magnetic  observatory  established,  at  a  depth  of 
3,280  feet  below  the  surface,  at  Przibram  in  Bohemia.  Similar 
results  were  obtained  in  1905  at  the  Tamarack  copper  mine. 
Lake  Superior,  the  deepest  mine  in  the  world,  at  a  point  4,760  feet 
below  the  surface.  The  slightest  movements  of  the  magnetic- 
needle  observed  at  the  earth's  surface  occur  at  the  same  time 
and  to  the  same  extent  even  at  the  greatest  depths  to  which 
mining  is  able  to  penetrate. 

Irn^lar  VariaQons.— The  declination  is  subject  to  sudden 
temporaTy  deviations  from  the  mean  position,  which  are  quite 
irregular  in  their  occurrence,  and  amount  in  extreme  cases  to 
1°  or  2°.  Such  disturbances  are  known  as  magnetic  storms,  and 
appear  to  be  coincident  with  the  appearance  of  the  aurora  borealis, 
earthquakes,  and  volcanic  eruptions.  The  cause  of  these  storms 
has  not  yet  been  determined,  Sabine,  however,  found  that  they 
are  most  frequent  every  eleven  years  when  the  spots  on  the  sun 
are  most  numerous.  Experience  shows  that  places  of  the  same 
longitude  have  similar  disturbances  at  the  same  time,  that  tbo^ 
on  opposite  sides  of  the  globe  diSering  by  180°  of  longitude, 
have  disturbances  equal  in  amount  but  opposite  in  direction, 
and  that  places  situated  90°  west  or  east  of  the  disturbed  regions 
have  practically  ao  disturbance. 

Magnetic  storms  are  not  to  be  confused  in  any  way  with  atmo- 
spheric or  thunder-storms,  which  do  not  afiect  the  declination, 
nor  is  the  prevalence  of  a  magnetic  storm  revealed  by  any  visible 
peculiarity  in  the  behaviour  of  the  needle  during  surveying 
operations. 

Notices  of  the  occurrence  of  magnetic  storms  are  published  by 
the  Superintendent  of  the  Magnetic  Department  at  Greenwich 
in  the  minii^  journals,  and  deserve  the  careful  attention  of  mine- 
surveyors.  No  reliance  should  be  placed  on  a  survey  made  at 
or  about  the  time  when  a  m^netio  storm  is  known  to  have 
occurred. 

Determfnation  of  Magnetie  Declination. — In  order  to  determine 
the  declination  at  any  point,  it  is  necessary  to  determine  the  true 
meridian  at  the  same  point ;  the  methods  employed  for  the  latter 
determination  are  given  in  Chapter  XII.* 

For  mine-surveying  purposes  the  determination  of  the  absolute 

•See  paper  on  "AMethodof  Dotermining  the  Hagn«tio  Meridian  aa  a 
BmIe  for  Mining  Surveys,"  b;  T.  Lindsitj  Qallowaj.  Trana.  I.  of  M.B., 
v<d.  Ivi.,  p.  222. 
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declination  at  any  particular  time  is  not  generally  essential,  but 
ft  knowledge  of  the  variations  is  of  paramount  importance  in  the 
keeping  up  of  the  woiking  plans  for  a  mine,  when  the  surveying' 
is  carried  on  from  a  magnetic  basis.  The  extent  of  the  variation 
should  be  ascertained  at  least  every  six  months,  and  also  on  each 
occasion  when  a  particularly  important  survey  is  carried  out. 
A  quite  satisfactory  method  of  procedure  is  to  incorporate  in  the 
sunace  survey  a  "  meridian  test  hue,"  which  should  run  from 
side  to  side  of  the  royalty,  and  as  neariy  ttirough  the  centre  as 
circumstances  will  permit.  It  should  be  permanently  marked 
by  substantial  blocks  of  stone  firmly  secured  in  the  ground,  a 
hole  being  bored  in  each  block,  exactly  in  the  line,  for  the  recep- 
tion of  a  ranging  pole.  The  m^netic  bearing  of  this  test  line  is 
taken  at  a  number  of  points  along  it,  at  a  time  of  the  day  corre- 
sponding to  the  mean  declination,  using  the  same  instrument  as 
is  used  in  the  survey.  The  mean  of  these  observations  is  used 
lor  setting  out  the  meridian  from  the  test  line  on  the  plan.  By 
this  means,  not  only  is  the  secular  variation  taken  into  account, 
but  certain  errors  in  any  particular  instrument  ate  eliminated. 
H  a  number  of  instruments  are  employed  in  making  the  survey, 
the  mean  bearing  of  the  test  line  should  be  determined  with  each 
of  the  instruments  used,  and  in  case  of  the  mean  observations 
varying  appreciably  from  each  other,  a  separate  meridian  cor- 
responding to  each  of  the  mean  observations  should  be  set  out 
on  the  plan,  and  each  used  only  tor  plotting  the  portion  of  the 
Burvey  made  with  the  corresponding  instrument. 

At  the  time  of  making  the  surface  survey,  the  magnetic  bearings 
of  selected  lines  should  be  observed,  with  a  view  to  ascertaining 
whether  there  are  any  notable  differences  in  the  declination  due 
to  locality  within  the  limits  of  the  royalty.  If  any  such  difietences 
are  found,  the  plan  should  be  divided  up  in  such  a  way  that  areas 
are  obtained  over  which  the  declination  can  be  considered  as 
constant  at  any  given  time,  and  a  separate  meridian  test  line 
established  on  the  surtace  in  each  of  the  areas. 

The  magnetic  meridian  can  be  set  out  on  a  small  scale  ordnance 
map  by  ascertaining  the  mean  declination  for  the  locality  from 
a  declination  map  such  aa  that  issued  by  the  Colliery  Guardian, 
previously  referred  to,  and  setting  ofE  the  corresponding  angle  . 
by  means  of  a  protractor  from  one  of  the  side  boundaries  of  the 
map,  these  being  geographical  north  and  south  lines.  If  the 
scale  of  the  map  is  sufficiently  large  to  admit  of  points  being 
accurately  located,  a  line  should  be  run  on  the  ground  between 
two  well-defined  points  and  the  magnetic  bearing  observed,  the 
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angle  bo  obtained  bong  set  off  from  a  cortesponding  line  diawn 
on  the  map. 

'  The  most  utUfactory  method  of  obviatiiig  the  effects  of  diuinal 
variations  is  to  carry  ont  the  surveys  at  night,  when  the  declination 
remains  fairiy  constant  and  near  the  mean. 

bioUnatlon  of  the  Hagnedo-Needle. — If  a  magoetic-aeedle  is 
mounted  so  that  it  is  free  to  move  about  its  centre  of  gravity, 
in  a  vertical  plane  (see  Fig.  151,  p.  408),  it  does  not,  at  most 
riaoes  on  the  earth's  surface,  rest  in  a  horizontal  position,  but 
mdines  more  or  less  from  it.  The  angle  between  the  needle  and 
the  horizontal  line  is  called  the  dij)  or  indituUiem  of  the  needle, 
provided  that  the  vertical  plane  in  which  the  needle  moves  is 
the  magnetic  meridian  of  the  plane.  The  dip  varies  at  difieieat 
places ;  at  the  magnetic  equator  there  is  no  dip,  whilst  at  the 
magnetic  poles  tHe  needle  stands  vertically. 

The  dip  is  not  of  great  importance  to  mine-surveyors  in  Britain, 
as  the  needles  of  dials  are  carefully  compensated  when  sold. 
Surveyors  going  abroad  with  an  English  dial  should  be  provided 
with  a  small  shding  balance  for  the  needle,  which  may  be  adjusted 
when  necessary,  should  the  dip  prove  troublesome. 

Like  the  magnetic  declination,  the  dip  is  subject  to  secular 
variations.  The  following  are  results  of  observations  near  Ijondon 
extending  over  a  series  rf  years : — 


T(-r. 

IncUniUon. 

T«ir. 

1576 

71-50' 

1880 

67=36' 

1600 

72"  00' 

ISSl 

67°  34' 

1720 

74"  42' 

18S2 

67-34' 

laoo 

70°  36' 

1883 

67°  31" 

1830 

60°  38' 

1684 

67-30' 

IBM 

68-48' 

1886 

67-27' 

1865 

68-00' 

1886 

67°  27' 

Rocent  Hagnetic  ObserratliHis. — The  following  are  the  values 
of  the  magnetao  dements  obaerved  at  Greenwich  during  recent 
years: — 
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PUa. 

lAtttDdl. 

Y«ar. 

Sitks,  A1»A«.     . 

67°    3'N. 

136°  20'  W. 

1904 

29°  56-7'  E. 

Katherinenburg, 

66'  49'  N. 

60°  38'  E. 

1903 

10°  18-4'  E. 

65°  41'  N. 

12°  3*'  E. 

1900 

10°  12'2'  W. 

Stoovhnret, 

63°  61'  N. 

2°  28'  W. 

1906 

17°  636'  W. 

Hamburg,  . 

63°  34'  N. 

10°    3'E. 

1903 

11°  10-2'  W. 

53°  32'  N. 

8°  9'E. 

1906 

12°   S-4'W. 

PotaduD,   , 

62=  23'  N. 

13°   4'E. 

1906 

9°  34-3'  W. 

Utrecht,     . 

52°   6'N. 

6°  H'  E. 

1904 

13°32'7'W. 

ValmoU  (IreUnd),       . 

61°  66'  N. 

10°  15'  W. 

1906 

21°    6-3' W. 

Kew, 

61°  28'  N. 

0°  19'  W. 

1906 

16°  28-5'  W. 

61°  28'  N. 

0°   0' 

1905 

16°   9-9' W. 

BniBKln.    . 

60°48'N. 

4°21'K 

1904 

13°  57-7'  W. 

Falmonlb, 

50°   9'N. 

6°   6'W. 

1006 

18°   5-3' W. 

Fragile, 

60°   6'N. 

14°  26'  K 

1906 

8°  43-3'  W. 

JoZy,        .         .         . 

49°  12'  H. 

2°   6'W. 

1906 

16°  31-7' W. 

P«i^'         .         .         . 

48°  49'  N. 

2°  29'  E. 

1906 

14°  61-3' W. 

Huitiob,     . 

48°   9'N. 

11°37'E. 

1905 

10°    4-6' W. 

47°  63'  N. 

18°  12'  E. 

1906 

7°    3-0' W. 

Ode«r  .     .     . 

46°  28'  H. 

30°  46'  E. 

1899 

4°  36-7'  W. 

Poia. 

44°  62'  N. 

16°  51'  E. 

1905 

9°  or w. 

Nke. 

43°  43'  N. 

7°  16' E. 

1899 

12=    4-0' W. 

Toronto,     . 

43°  47'  N. 

79°  18'  W. 

1906 

5°  42-2'  W. 

Perpignan. 

42°  42'  N. 

2°  53' E. 

1900 

13=  37  3-  W. 

Naples.       . 

40°  62'  N. 

14°  15'  E. 

1904 

8°  51-1' W. 

Madrid,      .         .         . 

40°  25'  N. 

3°  40'  W. 

1901 

16°  35-8'  W. 

Coimbra,    . 

40°  12'  N. 

8°  26'  W. 

1906 

17°    Ifi'W. 

Batdwiu,  KansM, 

38°  47'  N. 

95°  10'  W. 

1904 

8°  26-4'  E. 

38°  44'  N. 

76°  60'  W. 

1904 

6°  13-6'  W. 

LiBbon,      . 

38°  43'  N. 

9°   9'W. 

1900 

17°  18-0' W. 

Tokio,        . 

36°41'N. 

139°  46'  E. 

1901 

4=  361'  W. 

Havana,    . 

23°    8'N. 

82°  25'  W. 

1906 

2=  68-0'  B. 

aa^r^'  :  ■ 

22°  18'  N. 

114°  10'  E. 

1905 

0°   80' E. 

18°  64'  N. 

72°  49'  E. 

1906 

0=  14-0'  E. 

Manila.'     .         .         . 

14°  35'  N. 

120°  69'  E. 

1904 

0°61-4'E 

Batovia,     .         .         . 

6°  11'  S. 

108°  49'  E. 

1904 

0=  67 ■6'  K 

20°    6' 8. 

67°  33'  E. 

1906 

9°113'W. 

Bio  de  Janeiro,  . 

22°  6B'  9. 

43°  11'  W. 

1906 

8°48fl'W. 

Santiago,  Chile,  . 

33°  27'  8. 

70°  42'  W. 

1904 

14°  313' E. 

37°  60'  8. 

144°  58'  E. 

1901 

8°  26-7' B. 

CbriBloharah,  M.Z..      . 

43°  32'  S. 

172°  37'  E. 

1903 

16°  18-4'  E. 

on  January  10th,  1893,  an  iiiuption  of  watei  from  an  abandoned 
portion  of  tKe  workings  led  to  the  losa  of  twenty  lives.  According 
to  Mr.  J.  Henderson,*  this  catastrophe  was  found  on  investigation 
to  have  been  due  to  ignorance  of  the  secular  variation,  as  in 
tbe  plan  of  the  underground  workdngs,  periodically  kept  up  to 
*  Ibid.,  voL  viiL,  1896.  p.  273. 
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InstnuneDts  Employed.— The  meBSmemeDt  of  directionB  in  this 
method  of  Burveying  necesaitates  the  use  of  only  simple  forms 
of  iostruments,  two  types  of  wHoh  will  be  conadeied  in  the 
present  chaptei^-viz.,  the  miner's  dial  and  the  "  prismatic 
compass,"  the  principal  use  for  which  may  be  said  to  be  the 
measuring  of  directiona  of  lines  with  lefeience  to  the  magnetic 
meridian.  The  German  dial  or  hanging  compass  is  used  exclusively 
for  loose-needle  traversing,  but  the  method  of  procedure  adopted 
for  its  application  being  quite  distinct  from  that  when  the  other 
types  of  instrument  mentioned  are  used,  it  is  treated  of  in  a 
separate  chapter.  The  vernier  dial,  which  is  described  later,  is 
also  used  extensively  for  loose-needle  traversing,  and  the  method 
of  using  it  for  the  purpose  of  measuring  magnetic  bearings  is 
identic^  with  that  employed  with  the  simple  nuner's  dial. 

fflstorieal  Sketch.— Although  the  use  of  the  magnetic-needle 
by  mariners  is  described  in  a  French  poem  of  the  year  1190,  the 
credit  of  having  first  enclosed  a  mE^netic- needle  in  a  box  is  usually 
assigned  to  Flavio  Gioja  (1302-1330).  The  use  of  the  magnetic- 
needle  for  surveying  mines  is  described  by  Georgius  Agricola  in 
the  fifth  book  of  his  De  ra  MOaUica,  published  in  155G.  The 
compass  there  described  is  of  a  very  primitive  character.  It 
consists  of  a  series  of  seven  concentric  circles  filled  with  wax  of 
different  colours :  in  the  middle  is  a  depressed  receptacle  to 
contain  the  magnetic- nee  die.  An  old  compass  of  this  type  is 
preserved  in  the  collection  of  the  School  of  Mines  of  Clausthal 
in  the  Harz.  It  hears  the  date  1541,  and  consists  of  a  wooden 
plate,  {  inch  thick  and  6^  inches  in  diameter,  in  the  middle  of 
which  is  a  small  brass  compass- box,  2  inches  in  diameter.  The 
whole  is  placed  in  a  circular  receptacle  in  a  wooden  box,  which 
may  be  closed  by  a  lid,  and  which  ia  provided  with  a  hole  in  its 
base,  probably  to  enable  it  to  be  placed  on  a  stand.  The  compass 
has  only  a  north  and  south  line  marked,  and  round  its  raised 
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Under  Groand  the  Dutl  is  guided  b;  tlie  String;  but  above 
Ground  the  String  is  guided  by  the  Dial." 

Even  in  the  middle  of  the  18th  century,  dialling  was  carried 
on  with  appliances  of  a  very  primitive  character.  '  The  instru- 
menta  nse^"  writes  Dr.  W.  Fryce  in  1778,  "  are,  a  compaas 
without  a  gnomon  or  style,  but  a  center  {on  projecting  from  the 
middle  oi  the  compass  to  loop  a  Une  to,  or  stick  a  candle  upon, 
fixed  in  a  box  exactly  true  and  level  with  its  surface,  about  6, 
8,  or  9  inches  square,  nicely  glazed  with  strong  white  glass,  and 
a  cover  suitable  to  it  hung  square  and  level  with  the  upper  part 
rf  the  instrument :  a  twenty-four  inch  gauge  or  two-loot  rule, 
and  a  string  or  small  cord  with  a  plummet  at  the  end  of  it :  a 
little  stool,  to  jdace  the  dial  horizontally :  and  pegs  and  pins  of 
wood,  a  piece  of  chalk,  and  pen,  ink,  and  paper." 

The  author  warns  "  those  who  take  no  account  of  the  points  or 
angles  of  the  compass,  but  in  lieu  thereof,  chalk  the  bearing  of  the 
line  they  measure  with,  on  the  board  the  compass  lies  in ;  for  if 
they  are  not  exceedingly  careful  and  precise  in  their  operations, 
they  may  commit  almost  unpardonable  and  irretrievable  blunders  : 
yet  formerly,  before  penmanship  and  figures  were  so  generally 
understood  and  practised  among  the  common  Tinners,  as  they 
are  at  present,  most  of  our  Mines  and  Adits  were  dialled  for 
in  this  manner." 

Towards  the  end  of  the  18th  century,  the  dial  was  fitted  with 
sights,  by  means  of  which  the  direction  of  the  station-line  could 
be  taken  with  precision. 

ConstniCtioD  of  the  Miner's  DlaL~A  simple  fonn  of  the  instru- 
ment is  shown  in  Figs.  13  and  14,  the  former  representiug  its 
general  appearance,  the  latter  being  a  section  through  the  centre 
of  the  compass-box.  It  consists  of  a  brass  box  mount«d  so  that 
when  in  use  it  can  be  rotated  in  a  horizontal  plane.  Inside  the 
box  is  a  brass  ring  graduated  on  ito  upper  face.  At  the  centre 
of  the  graduated  ring  a  vertical  steel  pin  is  BecuKly  fixed,  on 
which  a  magnetic- needle  is  freely  suspended.  The  needle  is 
protected  by  a  glass  cover,  and  usually  a  brass  cover  is  provided 
in  addition,  for  the  protection  of  the  glass  when  the  instrument 
is  not  in  use.  A  line  paesing  through  the  zero  of  the  graduations 
and  the  centre  of  the  steel  point  carrying  the  needle  forms  the 
centre  line  of  the  instrument,  and  exactly  in  this  line  are  two 
folding  sight-vanes  rigidly  fixed  on  an  extension  at  either  side 
of  the  box,  The  sight-vanes  consist  of  two  stout  strips  of  metal, 
in  which  "  windows  "  and  "  slits  "  are  cut.  A  window  being 
•  comparatively  wide  opening  across  the  centre  of  which  a  piece 
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of  the  graduBtiona  is  spoken  of  as  the  north  eight,  and  the  other 
as  the  south  sight. 

Graduated  Sicle. — The  graduation  of  the  miner's  dial  does 
not  correspond  with  that  on  the  imaginary  horizontal  circle 
previonsly  defined,  (p.  62),  but  progresses  in  an  anti-clockwise 
direction  ;  this  Bystem  being  adopted  bo  that  the  reading  obtained, 
when  taking  an  observation,  by  noting  the  position  of  the  north- 
seeking  end  of  the  needle  wi^  reference  to  the  divided  circle, 
represents  the  direction  of  a  line  according  to  the  usual  mode  of 
expressing  directions.  The  necessity  for  the  reversal  will  be 
apparent  from  Fig.  15,  which  represents  diagrammatically  the 


Fig.  16. 


position  of  the  needle  with  reference  to  the  divided  circle  when 
measuring  the  magnetic  asimuth  of  a  line  AB,  which  is  shown 
on  the  1^-hand  side  of  the  figure  to  be  about  320°.  In  making 
the  observation  the  instrument  is  set  up  at  A,  and  the  line  of 
sights  ia  directed  bo  that  the  north  sight  is  pointing  towards  B. 
The  position  assumed  by  the  needle  is  as  shown,  and  it  will  be 
evident  that  if  the  graduation  were  clockwise  the  reading  would 
be  about  40°,  but  if  contra-clockwise  it  would  be  about  320°,  the 
magnetic  azimuth  of  the  line. 

An  illustration  of  the  necessity  of  this  change  may  be  afforded 
bj  imagining  a  watch  in  which  the  dial-plate  moves  from  left 
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The  nortli-sookmg  end  of  tho  needle  is  tnatked  by  a  deep  notch 
on  edge-bar  needles,  or  by  a  brass  pin.  The  Utter  mode  of  marking 
is  preferable,  being  much  more  noticeable. 

The  needle  is  drilled  through  in  the  centre,  and  carries  above 
the  aperture  a  hoUow  bruss  cap,  lined  vith  acme  hard  stone 
conically  hollowed  oat.  Agate  oi  carnelian  is  usually  employed 
for  the  purpose ;  but  ruby,  though  brittle,  is  best  if  carefully 
treated.  The  cap  must  bo  ae  light  aa  possible,  and  it  must  be 
firmly  fixed  to  the  needle  in  such  a  way  that  its  axis  forms  a  right 
angle  with  the  bjob  of  tho  needle.  The  interior  of  the  cap  must 
be  accurately  conical.  Caps  made  of  brasB,  silver,  or  steel  should 
be  avoided,  as  they  cannot  be  polished  so  well  as  those  of  agate, 
and  they  are  very  soou  bored  through  by  the  centre  pin.  This 
pin  is  made  of  good  steot  with  n  hard,  smooth,  round  point,  the 
angle  of  which  is  not  too  great.  ll\o  more  pointed  the  pin  and 
the  more  obtusely  conical  tho  interior  of  the  cap,  the  leas  ia  the 
friction  of  the  needle  on  its  pivot. 

The  needle  must  be  made  of  hard  steel,  and  so  constructed 
that  its  geomctric^il  centre  line  passes  exactly  through  the  centre 
of  the  cap.  It  must  be  sufiiciently  magnetised,  and,  when  placed 
on  its  pivot,  must  assume  a  horizontal  position.  A  needle  which 
ii  horizontal  before  being  magnetised,  will  dip  after  having 
been  subjected  to  that  treatment.  It  ia,  therefore,  necessary 
to  make  one  end  of  the  needle  heavier  than  the  other. 

In  order  to  preserve  the  pin  from  unnecessary  wear,  and  from 
being  broken  off  when  the  instniment  is  carried,  a  contrivance  is 
employed  for  fixing  the  needle.  This  consists  of  a  sUde,  screw, 
or  cam,  manipulated  from  outside,  which  raises  the  needle  and 
presses  it  against  the  glass  lid  of  the  dial.  When  required  to  be 
used,  the  needle  should  be  lowered  carefully,  so  that  it  gently 
rests  and  does  not  fall  upon  the  centre  pin. 

Much  depends  upon  the  sensitiveness  of  the  needle.  A  sluggish 
needle  is  utterly  useless.  The  needle  may  be  tested  by  brin^g 
a  piece  of  iron  near  it  when  at  rest,  observing  whether  it  returns 
exactly  to  its  former  position  after  a  few  oecillationa.  The  test 
should  be  made  at  eeveial  points  round  the  dial.  The  needle 
should  not  move  when  the  dial  is  gently  revolved. 

All  parts  of  the  dial,  with  the  exception  of  the  magnetic-needle 
and  tho  centre  pin,  must  be  made  of  metal  free  from  iron  or 
nickel.  They  may  be  tested,  after  removing  the  needle  of  the  dial, 
by  bringing  them  near  a  sensitive  magnetic -needle  balanced  on  a 
centre  ^nn  fixed  in  a  piece  of  wood,  and  noting  whether  the  needle 
moves,  as  each  separate  portion  of  the  dial  is  brought  near  it. 
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In  makmg  a  survey  witb  tlie  dial,  oaie  must  be  taken  that 
nothing  capable  of  attracting  the  needle  ie  carried  about  the 
petson,  such  as  penknivea,  keys,  steel  watch-chaina,  spectacles, 
nickel-plated  atuds,  or  iron  rivets  in  the  magnifier  used  to  read 
the  graduations.  Watches  in  which  the  movements  are  made  of 
nickel,  attract  the  needle  almost  as  much  as  when  the  movements 
are  made  of  iron.  The  brims  of  felt  hats  are  sometimes  stiffened 
by  inserting  an  iron  wire  round  the  edge.  The  surveyor  should 
therefore  examine  both  his  watch  and  his  hat  before  commencing 
a  survey.  Sometimes  the  needle  persistently  sticks  to  the  under 
side  of  the  glass.  This  is  caused  by  the  glass  becoming  electrified 
from  rubbii^  against  the  clothes,  or  from  being  cleaned  with  a  silk 
handkerchief.  The  electricity  may  be  at  once  removed  by 
touching  the  glass  with  the  moistened  finger  or  by  breathing  on 
the  glass.  An  unsuspected  source  of  error  in  magnetic-needle 
readings  has  recently  been  discovered  to  arise  from  the  magni- 
fying glass  used  for  leading  the  graduations  becoming  electrified. 
The  magnifier  generally  used  for  that  purpose  has  a  hard,  highly- 
polished,  black  frame,  which  is  pecuharly  liable  to  become  el^- 
trified,  even  by  the  mere  carrying  in  the  pocket,  so  that,  when 
brought  near  the  magnetic- needle,  it  draws  it  sometimes  as  much 
as  half  a  degree  from  its  true  resting  place. 

In  a  good  dial  the  centre  pin  of  the  needle  should  be  exactly 
in  the  centre  of  the  graduated  circle,  and  the  needle  should  be 
straight.  If  this  is  not  the  case,  there  will  be  an  error  of  eccen* 
tricity  in  every  observation.  The  constant  ecoentricity,  when  the 
centre  pin  and  the  ends  of  the  needle  are  not  in  one  vertical 
plane,  and  the  variaWa  eccentricity,  when  the  centre  pin  is  eccentric 
to  the  graduated  circle,  may  be  detected  by  the  readings  at  the 
two  ends  oF  the  needle  not  agreeing.  In  both  cases  the  error 
may  be  corrected  by  reading  both  ends  of  the  needle,  and  by 
taHng  the  mean  of  the  two  results.  Cases  of  irregular  eoeentricily 
are  sometimes  met  with — that  is,  when  the  point  of  suspension 
of  the  needle  in  the  cap  is  variable.  Needles  presenting  this 
error  are  useless. 

The  Tripod. — The  dial  is  usually  supported  on  three  legs  shod 
at  the  bottom  with  metal  points  and  connected  at  the  top  in 
such  a  way  that  the  legs  can  be  moved  to  accommodate  them- 
selves to  an  uneven  floor,  and  also  enable  this  instrument  to  be 
set  at  varying  heights  and  yet  form  a  rigid  combination.  A 
simple  form  of  tripod  is  shown  in  Fig.  13,  and  is  quite  effective 
for  light  instruments.  Another  form  of  tripod  bequentJy  used 
is  shown  in  Fig.  19. 
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For  use  in  very  low  woFkinga  the  legs,  which  are  made  circular 
in  section  juat  below  their  attachment  at  the  top,  are  jointed,  as 
shown  in  right-hand  of  Fig.  19,  at  about  half  their  length,  so 
that  the  lower  portion  of  each  can  be  detached  when  necessary, 
a  set  of  extra  points  being  provided  to  screw  on  to  each  of  the 
shortened  legs. 

The  dial  is  connected  with  the  tripod  by  means  of  a  "  biJI-and- 
Bocket "  joint,  an  old  but  very  efiective  form  of  which  is  shown 
in  Pig.  20. 

The  top  portion  of  the  joint  fits. into  a  corresponding  socket 
at  the  base  of  the  dial,  and  is  kept  in  position  by  a  screw,  the  end 
of  which  fits  into  the  groove  shown  at  A.  By  slightly  loosc^iing 
this  screw  the  dial  is  fiee  to  rotate.  The  connection  of  the  joint 
to  the  tripod  is  made  secure  by  means  of  the  screw  at  B.    The 


Hg.  19. 


Fig.  20. 


tightness  of  the  actual  ball-and-socket  joint  is  controlled  by  the 
cross-screw  and  worm-wheel  shown  at  C.  A  portion  of  the  socket 
is  cut  away,  as  shown  at  D,  to  permit  of  the  dial  being  turned 
over  at  right  angles  to  its  nomuQ  position,  for  the  purpose  of 
measuring  vertical  angles. 

Spirit  Levels. — On  some  miner's  dials  two  spirit  levels,  set  at 
right  angles,  are  let  into  the  base  of  the  compass-box,  where  they 
can  readily  be  viewed  and  yet  are  protected.  These  are  for  the 
purpose  of  setting  the  box  in  a  horizontal  plane  previous  to  taking 
observations.  For  all  purposes  to  which  a  simjde  miner's  dial 
can  be  applied,  tbe  operation  of  levelling  can  be  sufficiently 
accurately  performed  by  the  aid  of  the  needle  itself,  the  instru- 
ment being  manipulated  through  the  ball-and-socket  joint  so 
(hat  the  top  edge  of  the  needle  is  flush  throughout  with  the  edge 
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of  the  slit  in  the  north  Bight,  he  rotat«B  the  dial  with  his  right 
hand  until  the  signal  light  fixed  at  A  comes  into  view  through 
the  window  of  the  sight  opposite  ;  he  then  prooesda  by  gently 
tapping  at  the  base  of  one  oi  other  of  the  sights  until  the  hair 
appears  to  bisect  the  s^nat  light.  XTsuaUy  by  this  time  the  needle 
has  come  to  rest,  and  the  reading  of  the  north-seeking  end  is 
taken  by  the  surveyor  placii^  himself  in  line  with  the  needle 
and  noting  the  intersection  of  the  end  with  the  graduated  circle. 
After  taking  the  reading,  he  generally  satisfies  himself  that  the 
sighting  has  been  correctly  performed  by  taking  another  glance 
through  the  sights  before  entering  the  reading  in  his  notes.  He 
then  comes  round  to  the  other  eide  of  the  dial,  and  proceedii^ 
as  before,  but  this  time  with  hie  eye  applied  to  the  south  sight, 
he  directs  the  line  of  sights  on  to  a  light  placed  at  C.  When  the 
reading  for  this  line  has  been  booked,  the  needle  is  lifted  ofi  its 
centre.  The  position  occupied  by  the  centn  of  the  instrument 
is  obtained  by  plumbing  on  to  tike  floor,  and  the  distance  from 
A  to  B  is  measured  and  noted,  and  then  that  from  B  to  C.  The 
dial  is  then  taken  to  the  bend  at  D,  and  subsequently  to  F,  the 
operations  described  being  repeated  at  each  (d  these  stations. 
The  signal  light  fixed  at  C  b  not  disturbed  until  it  has  been  observed 
from  D  similarly  with  the  signal  light  placed  at  E,  which  is  observed 
from  D  and  F,  The  dial  is  thus  set  up  only  at  alternate  stations, 
the  directions  of  two  adjacent  lines  being  observed  at  each  of 
the  stations  occupied. 

It  is  important  to  note  that  in  this  method  of  traversing  the 
north  sight  of  the  dial  must  always  point  in  the  direction  of  the 
traverse  or,  as  it  is  sometimes  expressed,  "  leads  "  the  traverse, 
and  the  reading  of  the  needle  must  always  be  taken  at  the  north 
end, 

It  has  already  been  noted  that  the  graduated  circle  shows 
quadrant  divisions,  as  well  as  the  whole  circle  divisions,  but 
confusion  is  less  likely  to  arise  if  these  are  entirely  ignored.  Mis- 
takes in  reading  the  quadrant  letterings  are  very  easily  made, 
especially  when  the  bearings  approximate  to  the  cardinal 
points. 

Off-setting  Undeigroimd. — In  surveying  undei^round  roadway 
the  traverse  is  usually  conducted  so  as  to  follow  as  dosely  as 
possible  the  centre  line  of  the  roadway,  which  is  represented  as 
being  of  uniform  width  on  the  plan.  It  is  convenient,  however,  in 
some  oases  to  set  the  instrument  away  from  the  centre,  and  it 
is  then  necessary  to  take  off-sets,  so  that  the  roadway  can  be 
correctly  represented.    OfE-sets  are  taken  at  right  angles  to  one 
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of  the  lines  adjacent  to  the  station,  and  generally  it  ia  only  neces- 
sary to  take  them  at  the  stations  themselves,  these  being  generally 
situated  at  bends.  When  intermediate  o5-set3  are  required,  a 
light  placed  opposite  the  point  to  be  ofi-set  should  be  lined 
t!&ough  with  the  dial,  al%nment  with  the  chain  oi  tape  aa 
performed  at  the  surface  being  practically  impossible. 

Referwice  Harks. — In  loose-needle  traversing  the  stations  are 
not  usually  permanently  marked,  altho\:^h  it  is  advisable  to 
mark  the  position  of  each  in  such  a  way  that  it  can  be  found 
again  if  required  within  such  time  as  usually  elapses  before  the 
survey  is  plotted,  so  that  a  check  measurement  of  distance  or 
direction  of  any  particular  line  can  be  made  if  the  plotting  is  not 
satisfactory.  In  dry  mines  a  cross  surrounded  by  a  circle  may 
be  chalked  on  the  roof  ;  in  damp  mines 
in  which  safety  lamps  are  not  compulsory 
satisfactory  marks  for  the  purpose  can 
usually  be  made  by  smokiiig  the  roof 
with  a  small  candle  or  lamp  flame  a 
making  a  cross  on  the  smoked  surface 
Permanent  marks  must,  however, 
left  in  suitable  places,  from  which  the 
survey  is  subsequently  carried  forward. 
A  hole  drilled  in  the  roof  or  side  to 
receive  a  wooden  [dug  forma  a  good 
mark.  If  the  mark  is  not  put  in 
exactly  on  one  of  the  travene  Imes,  its 
position  must  be  fixed  by  ofi-setting. 

Taking  Vwtlcal  Angles.— In  the  old 
type  of  miner's  dial,  the  brass  cover  protecting  the  glass 
fitted  on  in  one  position  only.  The  edge  was  graduated 
to  45°.  on  each  side  of  a  zero-point,  a  pin  being  fixed 
on  the  edge  directly  opposite  that  point.  The  line  joining 
the  pin  and  the  zero-point  was  at  right  aisles  to  the 
line  of  s%ht.  Tig.  22  shows  the  method  of  graduation.  Vertical 
angles  were  measured  by  turning  the  instrument,  by  means 
of  its  ball-and-socket  joint,  until  it  was  in  a  plane  at  right  angles 
to  its  proper  position  for  taking  horizontal  angles,  the  graduation 
of  the  cover  being  at  its  lower  edge.  A  plumb-line  was  then 
suspended  from  the  pin  in  the  upper  edge  of  the  cover.  This 
line  coincided  with  the  zero  of  the  graduation  when  the  sights 
were  horizontal.  Angles  of  slope  were  then  measured  by  sighting 
a  light  held  at  a  station  at  the  same  height  from  the  fioor  as  the 
centre  of  the  compass-box.    On  turning  the  dial  in  a  vertical 


Pig.  32. 
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plane  so  that  the  croes-wiies  bisected  the  light,  the  number  of 
d^reee  indicated  by  the  plumb-line  was  found  to  represent  the 
ai^le  of  elevation  or  depression.  In  addition  to  the  division 
into  d^iees,  the  plate  was  also  divided  to  show  the  difference 
between  hypotenuse  and  base,  so  that  the  correction  of  the 
distance  for  slope  could  be  applied  at  once. 

Tlua  arrangement  for  talang  vertical  angles  has  been  si^r- 
seded  since  the  invention  in  1850  by  Mr.  Jolin  Hedley,  H.M. 
inspector  of  Mines,  of  the  arrangement  for  moving  the  sights 


Pig.  23. 

in  a  vertical  plane  by  means  of  a  rocking  centre  attached  to 
the  compass-box.  Tins  arrangement,  besides  enabling  magnetic 
azimuths  to  be  taken  of  lines  lying  at  much  greater  inclina- 
tions than  was  possible  with  the  simple  forms  of  dial  available 
before,  also  permits  of  the  provision  of  a  divided  vertical  arc 
or  circle  for  measuring  the  inclinations  with  the  compass-box  in 
its  normal  position,  such  measurements  being  also  obtained  much 
more  rapidly.     Hedley's  arrangement,  aa  supplied  on  a  simple 
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supposed  metallifeioas  toioe,  the  name  of  which  was  suggested 
by  Mi.  J.  Hendeison,  M.Inst.C.E.,  as  ahowiog  the  ioteTmitteDt 
nature  of  many  metallifeiouB  mines,  which  an  bo  bequently 
abandoned  when  the  metal  iaila  in  piice,  and  le-opened  in  better 
times. 

The  surrey  is  made  in  the  adit  level,  and  starts  from  a  per- 
pendicular line  in  the  vertical  ei^jine  shaft,  which  is  rectangular 
m  section,  14  feet  long  b}'  7  feet  wide.  The  dial  is  set  up  at  A, 
and  an  observation  is  taken  to  the  perpendicular  line,  the  observer 
looking  through  the  north  sight  of  the  instrument.  The  bearing 
indicated  by  the  north-seeking  end  of  the  needle  is  read  aud 
entered  as  the  fint  bearing.  It  will  be  found  advisable  to  write 
the  degrees  and  minutes  as  iC  the  latter  were  decimals ;  in  this 
way  any  confusion  between  such  numbers  as  SC  and  3'  is  avoided. 
The  length  of  the  station-line  is  measured,  and  the  result,  12 
fathoms  2  feet  6  inches,  entered  in  the  distance  column. 

The  oSsets  are  measured  in  feet  and  inches,  and,  in  order  to 
necessitate  as  little  writing  as  poscdble— an  important  matter 
in  a  wet  mine — may  be  written  in  a  way  similar  to  the  abbreviated 
mode  of  writii^  shillings  and  pence. 

At  C  the  survey  line  leaves  the  cross-cut  driven  from  the 
shaft  to  the  lode,  and  continues  on  the  lode.  As  there  is  a  sharp 
turn  at  this  point,  ofisets  are  measured  to  the  north  and  south, 
as  weO  as  to  the  right  and  left.  At  F  a  cross-cut  is  driven  south 
of  the  lode.  The  dial  being  set  up  at  F,  an  observation  is  taken 
to  a  candle  at  the  end  of  the  cross-cut.  The  bearing  is  then 
read,  and  the  distance,  12  fathoms,  measured.  This  line  is  a 
branch  from  the  main  survey  line,  and  is  distinguished  by  a  smiU 
figure  2  attached  to  the  letter  that  would  have  been  assigned 
to  the  station  had  it  belonged  to  the  main  tine.  With  the  di^ 
still  at  F,  an  observation  is  next  taken  to  Q,  and  the  survey 
continued  as  before.  At  K,  the  end,  or  fore-breast,  is  reached, 
and  a  permanent  mark  has  to  be  left,  from  which  the  survey 
may  be  continued  at  a  future  date. 

Snrtace-Surveyi  with  the  BDnw's  DEaL— For  making  the 
Burface-surveys,  the  dial  may  be  used  in  much  the  same  manner 
as  it  is  underground.  There  is,  however,  the  advanb^e  that 
opportunities  frequently  occur  of  checking  the  work  during  its 
progress  by  means  of  tie-lines.  It  is  not  usual,  though  occasionally 
advantageous,  to  carry  out  surface-surveys  at  night ;  under 
these  circumstances,  the  operations  ore  conducted  exactly  as  if 
they  were  being  done  unde^round.  In  the  daytime  ranging 
rods  are  used  as  signals  instead  of  lights.     In  surface- surveys 
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the  meMUKment  of  distances  and  off-setting  an  perfoimed  as 
in  oham-surveyuig  and  the  form  of  field  book  usually  adopted 
is  very  similar,  a  simple  example,  which  is  the  record  d  a  survey 
of  a  four-sided  field  oomiected  with  the  shaft  of  a  mine,  is  given 
herewith.  The  starting  point  of  the  first  line  is  the  oentie  of  the 
shaft,  and  all  the  distcuoces  are  given  in  links. 

As  a  rule,  in  traverse-surveying,  the  starting  point  of  a  line 
ia  the  finishing  point  of  the  previous  line,  so  that  there  is  no 
necessity  to  note  specially  the  starting  and  finishing  pointa  of 
each  line,  as  in  the  field  book  of  chain-surveys.  It  ia  oiJy  where 
more  than  one  line  runs  from  the  same  station,  as  occurs — e.g., 
at  junctions  of  roads — that  the  starting  points  of  such  lines 
require  to  be  particularly  noted. 

PriBDBtfB  Convw*— This   instrument,   which  ia  showB  in 


Kg.  24. 

Figs.  24  and  26,  consists  of  a  glasa-covered  circular  brass  box 
made  in  sizes  from  2|  up  to  6  inches  in  diameter,  containing  a 
magnetio-needle,  attached  to  which  is  a  card  or  aluminium  ring, 
graduated  in  degrees  in  the  smaller  sizes,  and  to  ^^  or  i"  in  the 
larger.  Folding  sights  are  attached  to  the  rim  of  the  box,  one 
of  them  being  as  long  as  a  diameter  of  the  box,  and  carries  a 
fine  thread  or  a  thin  strip  of  metal  placed  edgewise ;  the  other 
sight,  which  ia  shorter,  has  a  slit  in  its  upper  part,  and  carries  a 
reflecting  magnifying  prism,  which  can  be  so  placed  that,  on 
looking  through  the  slit,  the  vertical  thread  of  the  opposite 
Btght  appears  as  a  line  over  the  graduations  on  the  card  or  ring, 
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the  thread  and  the  graduatioiia  being  visible  to  the  eye  at  the 

same  time,  the  graduations  being  so  arranged  that  the  reading 
ol  the  thread  gives  the  magnetic  azimuth  of  the  line  ot  sight. 
A  spring  pin  is  placed  under  the  long  sight  (see  Fig.  25)  for  the 
purpose  of  damping  the  oscillations  of  the  needle.  The  zero 
of  the  graduations  is  at  the  south-seeking  end  of  the  needle.  In 
taking  observations  with  this  instrument  in  a  direction  reverse  to 
that  of  the  traverse  the  readings  obtained  differ  from  the  normal 
direction  by  180°,  and  must  be  corrected  accordingly. 
As  the  sighting  of  an  object  and  the  reading  of  its  direction 


Kg.  20. 

are  both  done  at  the  same  time,  the  instrument  can  be  used  m 
the  hand,  and  this  forms  one  of  Its  principal  features,  as  observa- 
tions can  be  taken  when  walking  or  riding,  or  from  practically 
any  conveyance.  When  used  in  the  hand,  the  readings  may  be 
obtained  to  within  30  minutes  to  2  d^rees.  By  mounting  the 
compass  on  a  stand,  results  comparable  with  those  given  by  the 
miner's  dial  can  be  obtained.  Its  principal  use  may  be  said  to 
be  for  military  purposes,  for  which  it  is  extensively  employed, 
but  ajt  a  mine-surveyor  engaged  in  prospecting  work  is  often 
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called  upon  to  make  plans  of  a  aimUar  nature  to  those  lequiied 
in  militaiy  work,  he  should  be  familiar  with  the  prismatic  compass 
and  the  mode  of  umng  it. 

The  distance  of  the  traverse  lines  ts  measured  in  various  ways, 
such  as  pacing,  or  by  the  time  taken  to  pass  over  the  distance 
when  travelling  at  a  measured  or  estimated  rate  either  on  horse- 
back, or  in  a  carriage,  or  in  a  water-borne  conveyance.  As  an 
instance  of  the  adaptability  of  the  priBmatic  compaas  in  making 
approximate  surveya,  it  may  be  mentioned  that  traverses  were 
made  in  South  Africa  before  the  Boer  war  by  travelling  in  a 
waggon  and  noting  the  number  of  revolutions  of  a  wheel, 
approximate  forward  bearings  being  taken  with  the  compass  at 
intervals. 

The  method  of  making  a  traverse  with  the  prismatic  compass 
can  be  illustrated  by  d^cribing  the  procedure  in  the  case  of  a 
winding  path  through  a  wood.  At  the  beginning  of  the  path  the 
instrument  ia  taken  from  its  case,  and  the  sights  folded  back 
into  their  working  positions,  the  needle  being  automatically  let 
down  on  to  its  centre  when  the  longer  sight  is  turned  up.  Holding 
the  instrument  as  nearly  level  aa  he  can  judge,  the  surveyor  looks 
through  the  slit  at  the  prism  sight,  and  turns  the  compass  round 
in  his  hand  until  the  thread  on  the  forward  sight  bisects  the  path 
at  the  furthest  point  at  which  it  Is  visible.  He  notes  the  mean 
reading  of  the  thread.  He  then  folds  up  the  long  sight  and  paces 
forward  to  the  point  he  has  sighted  to,  on  noting  which  he 
takes  another  forward  bearing  as  before,  and  books  the  new 
bearing,  and  then  paces  forwai^.  He  proceeds  thus  until  the  end 
of  the  path  is  reached.  The  notes  in  a  survey  of  this  nature 
could  be  entered  in  two  columns.  When  a  number  of  features  are 
being  surveyed  a  modification  of  the  field  book  for  chain-surveya 
is  a  most  satisf  actory  method  of  entry.  Such  a  survey  as  described 
could  be  plotted  by  any  of  the  methods  used  for  plotting  traverse- 
surveys  after  the  distance  corresponding  to  the  paces  had  been 
ascertained. 

The  prismatic  compass  is  used  in  filling  in  details  In  triangu- 
lation  surveys,  but,  being  generally  used  on  a  tripod  for  this 
purpose,  presents  no  advantages  over  the  miner's  dial. 

HodlQcatfons  of  Prismatic  Compass. — Various  modifications 
have  been  introduced  with  a  view  to  increasing  its  field  of  use  ; 
thus,  attempts  have  been  made  to  render  it  applicable  to  under- 
ground surveying  where  the  difficulty  of  lighting  generally  prevents 
its  use.  None  of  these,  however,  have  been  adopted  to  an  appreci- 
able extent.     Again,  the  ordinary  form  of  prismatic  compass 
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Local  Vakutions  or  thb  Haqhetic-Nbbdlb. 

Mluenoe  of  Iron  Ralls,— The  method  of  Burveyiiig  described  in 
the  preceding  chapter  cannot  be  used  in  mines  wheie  magnetic 
Bubstances  defiect  the  needle,  On  account  of  the  increasing  use 
of  iron  and  steel  in  mines  in  the  form  of  laila,  props,  etc.,  the 
number  of  mineB  in  which  the  magnetic-needle  is  not  affected  is 
extremely  small 

Riuls  placed  end  to  end  on  the  ground  become,  in  the  coune 
of  time,  permanently  magnetised,  and  if  a  magnetic- needle  ia 
brought  near  the  junction  of  two  idls,  it  assumes  a  position 
parallel  to  the  two  rails.  Some  interesting  experiments  to  deter- 
(nine  the  influence  of  iron  rails  on  the  magnetic-needle  were 
made  by  Professor  Combes  of  the  Paris  School  of  Mines.  He 
found  that  the  nearer  the  direction  of  the  rails  approached  that 
of  the  magnetic  meridian  the  more  highly  polarised  they  became. 
The  following  deflections  were  observed  when  a  miner's  compass 
was  brought  near  rails  which  were  placed  in  the  direction  of  the 
magnetic  meridian : — > 


Hel^t  aboTS 
tbeBall!. 

AilmnthOburred. 

19  ft.  8  ina.  oil  one  side,  . 

5  ft.  3  iM.  on  one  ride,     . 
Above  the  flnt  rail. 
Between  the  two  roils,      . 
Above  the  «ooond  rail,      . 

6  ft.  a  ina.  on  the  other  side,     . 

niobM. 
5« 
47 
43 
43 
43 
43 

80°  00' 
83°  30' 
83°  16' 
83"  30' 
83-45' 

8a°3'i' 

With  the  rails  placed  at  right  angles  to  the  magnetic  meridian, 
the  f<^owing  angles  were  obtained : — 

13  feel  1  inch  on  one  aide,      ....  329°  4&' 

Above  the  Grat  rail,        .         •         •         .         .  328°  00' 

Between  tfae  two  laiLe 330°  00* 

1  foot  10  inohea  on  the  other  aide,  ,        .        .  328°  30' 
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When  the  compass  was  only  16  inches  above  the  rails,  devia- 
tions amounting  to  7°  30'  were  observed. 

Espeiiments  made  at  Freibei^,  in  Saxony,  by  Professor  Junge 
confirm  these  results,  and  permit  the  following  conclusons  to  bo 

1.  Iron  rails  identical  as  regards  weight  and  dimensionB  may 
act  difierently  on  the  compass,  the  deviation  caused  by  one  being 
sometimes  double  that  by  another.  The  infiuence  of  two  parallel 
rails  on  the  magnetic- needle  cannot  be  neutraUsed.  It  is  not 
sufficient,  as  so  many  miners  imagine,  to  place  the  dial  exactly 
midway  between  the  two  rails. 

2.  The  influence  of  the  rails  on  the  needle  is  increased  by 
sharp  blows.  Four  blows  on  a  rail  with  a  hammer  was  found  to 
increase  by  3°  the  deviation  produced. 

3.  The  influence  of  the  rails  is  greatest  when  they  form  an 
angle  of  45°  to  67°  2ff  with  the  meridian.  The  deviation  then 
decreases  until  the  rail  ia  at  right  angles  with  the  meridian,  when 
the  deviation  is  intermediate  between  the  maximum  and  that 
observed  when  the  rails  make  an  angle  of  22°  30'  with  the 


4.  The  influence  is  very  conwderable  when  the  compass  is  as 
much  as  47  inches  above  the  rails.  In  such  a  case  with  rails  at 
an  ai^le  of  45°  with  the  meridian,  deviations  amounting  to  3°  26' 
have  been  observed. 

No  experiments  appear  to  have  been  made  with  iron  or  steel 
sleepers.  There  can,  however,  be  no  doubt  that  their  influence 
on  the  magnetic-needle  is  at  least  as  considerable  as  that  of  iron 
rails. 

The  practical  conclusion  that  can  be  drawn  from  the  results 
obtained  by  FiofeBsois  Combes  and  Junge,  is  that  an  accurate 
survey  cannot  be  made  with  the  miner's  dial  in  the  manner 
described  in  the  preceding  chapter,  ntilesB  the  rails  are  taken 
up. 

Local  Attraction  in  the  IDilo. — In  many  metalliferous  mines, 
local  attraction,  due  to  the  presence  of  magnetic  iron  ore  in  the 
lode,  is  very  considerable.  At  Botallack  mine,  in  Cornwall,  for 
eizample,  the  needle  hae  been  known  to  be  deflected  to  the  extent 
of  60  from  its  proper  bearing.  Experience  shows  that  certain 
eruptive  rocks,  notably  those  of  a  dark  colour  with  a  base  of 
hornblende  oi  augite,  afiect  the  needle  in  the  same  way  as  mag- 
netite or  magnetic  pyrites.  In  districts  composed  of  magnetic 
rocks,  the  dial  cannot  be  employed,  as  is  shown  by  observations 
made  at  Ammeberg  in  Sweden,   where  at  equidistant  points 
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along  a  straight  line,  the  following  bearings  were  obtained : — 
3°  5J',  3°  4',  3"  2i',  3°  1',  2=  7j',  and  2"  6'.  To  make  a  number 
of  obeervadons  along  a  sttaigtit  line  is  the  best  method  of 
finding  out  if  there  ia  any  local  attraction  affecting  the 
needle.  The  Influence  of  magnetic  depoBits  on  the  compass 
has  been  utilised  io  Sweden  and  the  United  States  in  exploring 
foi  iron  ore. 

Sunr^lng  with  the  Ual  in  Oie  presenoe  of  Iron.— With  the 
general  emploTment  of  iron  rails  in  mines,  the  question  arises  to 
what  extent  may  surveys  be  made  with  the  ord  nary  dial  without 
fear  of  deflections  of  the  needle  giving  rise  to  error  ?  As  a  matter 
of  fact,  the  magnetic- needle  may  be  used  for  the  purpose  of 
obtaining  the  true  bearings  of  the  traverse  lines  in  places  where 
attraction  exists,  provided  that  the  mode  of  procedure  is  slightly 
modified.  The  method  is  based  upon  the  fact  that  the  deviation 
of  a  magnetic- needle  remains  the  same,  if  the  relative  positions 
of  the  dial  and  the  attracting  object  remmn  nnaltend.  All 
that  is  necessary  is  to  note  the  back-  and  fore-bearing  at  each 
station,  however  much  the  magnetic-needle  may  be  deflected. 
Then,  if  the  needle  is  attracted  on  looking  to  the  back  object, 
it  is  attracted  to  precisely  the  same  extent  on  lookiiig  forward, 
80  that  the  difieience  of  bearing  of  the  two  lines  is  unaltered. 
Consequently,  if  a  correct  bearing  of  any  one  line  of  the  traverse 
can  be  obtained,  an  accurate  survey  may  be  made.  This  method 
of  traversing,  however,  is  not  recommended  for  general  practice, 
fixed-needle  dialling  with  the  vernier  dial  being  far  preferaMe. 
It  should  also  be  noted  that  the  precautious  with  r^ard  to  articles 
of  iron  about  the  person  of  the  surveyo'r  must  be  taken,  as  in  the 
method  previously  described,  and  even  more  scrupulously  (see 
p.  81). 

DialUng-Book.— The  best  form  of  dialling-book  to  adopt  ia  an 
ordinary  account-book,  the  £,  s.,  and  d.  columns  serving  for 
fathoms,  feet,  and  inches.  If  the  measure  nieuts  are  made  in 
links,  only  one  column  is  required.  The  date  column  of  the 
account-book  serves  for  the  number  of  the  draft.  In  the  space 
between  the  date  and  money  columns,  two  lines  are  ruled,  giving 
three  columns,  which  may  be  used  for  the  back-bearing,  the  fore- 
bearing,  and  the  calculated  true  bearing. 

The  method  of  booking  a  survey  is  shown  by  the  following 
examjde  of  a  closed  traverse,  surveyed  in  the  presence  of  a  very 
large  amount  of  iron.  The  bearings  and  distances  were  aa 
folTows  :- 
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No. 

B«k-Be«riiig. 

,™.>^. 

Comet 

Bearing 

Villi. 

It. 

In. 

A 

3°  36' 

3°  36 

r. 

1 

3' 36' 

1'36' 

1°3« 

3 

loi 

C 

Pa?' 

327°  44' 

323°  63 

5 

H 

D 

319°  16' 

234°  63' 

229°  31 

6 

71 

E 

202"  57' 

166°  44' 

183°  18 

0 

It 

167°  48' 

0 

106°  16' 

79°  48' 

94°  0« 

8 

3 

H 

79°  34' 

348°  04' 

3°  36 

The  instrument  was  set  up  at  B,  where  there  waa  no  attraction, 
and  a  back-bearing  was  taken.  This  was  found  to  be  3°  36'. 
This  bearing  being  correct,  it  was  also  entered  as  a  foie-bearing 
at  A.  A  £oTe-bearing  was  then  taken  at  B  ;  this  waa  found  to 
be  1°  36'.  This  also  is  coTrect,  aa  there  was  no  attraction  when 
the  back-bearing  was  talien,  and  the  dial  waa  not  moved  to  take 
the  fore-bearing.  The  instrument  was  then  moved  to  C,  and  a 
back-bearing  to  B  taken.  This  should  have  read  1°  36',  the 
correct  fore-bearing  from  B  to  C.  It  was,  however,  found  to  be 
5°  27',  abowii^  that  the  needle  was  considerably  deflected  frora 
its  true  position.  Back-  and  fore-bearingg  were  taken  at  each  of 
the  following  stations,  and  in  each  case  the  needle  waa  found  to 
be  periously  deflected.  Consequently,  before  the  survey  could  be 
plotted,  the  correct  brarings  had  to  be  calculated. 

The  bearings  3°  36'  and  1°  36',  being  known  to  be  correct, 
might  be  inserted  in  the  conect-bearing  column.  The  back- 
beiuing  at  0  was  found  to  be  5°  27'  instead  of  1°  36'.  It  was 
therefore  3°  51'  too  great,  and  as  the  dial  waa  not  moved,  the 
attraction  remained  the  same,  ao  that  the  lore-bearii^  at  C  was 
also  3°  61'  too  la^e.  The  correct  fore-bsaring  at  C,  then,  was 
327°  44'  —  3°  51'  =  M3°  53'.  The  back-bearing  at  D,  which 
should  be  the  same  as  this,  was  found  to  be  319°  15' — ^that  is, 
4°  38'  too  smaU.  The  fore-beaiing  taken  at  the  same  station 
under  the  influence  of  the  same  attraction  must  also  have  been 
4"  38'  too  amall,  so  that  its  correct  value  is  224°  53'  +  4°  38'  = 
229°  31'.  The  back-bearing  at  E  should  be  identical  with  this. 
It  waa,  however,  found  to  be  202°  57' — that  is,  26°  34'  too  smalL 
llie  fore-bearing  at  the  same  station  must  ^o  be  26°  34'  too 
amall.  Its  correct  value,  then,  ia  166°  44'  +  26°  34'  =  183°  18' 
This  should  be  identical  with  the  back-bearing  at  F,  which  waa 
found  to  be  167°  48',  or  15°  30'  too  amall.    The  fore-bearing  at 
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F  ia  also  1&°  30'  too  small,  and  ita  correct  value  is  166°  03'  + 
16°  SC  =  180°  33'.  This  should  be  identical  with  the  back- 
bearing  at  G,  which  was  found  to  be  168°  15',  or  14°  18'  too 
small  The  fore-bearing  is  also  11°  18'  too  small,  and  therefore 
the  correct  bearing  k  79°  48'  -f  14°  18'  =-  94°  06'.  This  should 
be  identical  with  the  bearing  at  the  last  station,  which  was  found 
to  be  79°  34',  or  14°  32'  too  small.  The  fore-bearing  at  the  same 
Station  is  also  14°  32'  too  small,  and  therefore  its  correct  value 
is  349"'  04'  +  14°  32'  =  363°  36'— that  is,  3°  36'.  The  last  line  of 
this  traverse  is  identical  with  the  first,  so  that  the  first  and  lost 
bearings  should  be  identical.  Thus,  in  a  closed  traverse  the 
surveyor  is  able  to  check  the  accuracy  of  his  work. 

The  following  page  from  the  dialling-book  at  a  metalliieroiis 
mine  may  also  be  taken  as  an  example  for  calculation  : — 


So, 

Bwk.B«rti 

ig.     Tli)i..BMitiiB. 

Pnu. 

It. 

lu 

A 

246°  12 

246°  12' 

9 

3 

B 

C 

2M°30 

2H°30 

264°  30' 
164°  46' 

8 

S 

164°  4S 

D 

iM'-oe 

169°  24 

170°  03' 

B 

178"  13 

181°  00 

152°  61' 

V 

167*46 

174°  00 

169°  06' 

a 

171°  27 

186=42 

184°  21' 

183039 

178-  18 

179-  00' 

3 

177°  33 

221°  00 

222°  27' 

K 

221°  00 

79-18 

80°  45' 

L 

89-33 

80°  00 

71-  12' 

H 

71°  12 

82-48 

82°  48' 

N 

82°  48 

84°  24 

84-24' 

3 

0 

84°  24 

90-06 

90°  06' 

7 

P 

90-06 

91°  30 

91°  30' 

2 

If  the  first  and  last  bearings  are  not  identical,  and  if  the  difier- 
ence  does  not  amount  to  more  than  a  few  minutes,  the  slight 
error,  due  possibly  to  the  imperfections  of  the  instrument  em- 
ployed, may  be  to  a  great  extent  eliminated  by  dlvidii^  the 
error  by  the  number  of  station-lines,  and  adding  the  result  to,  or 
subtracting  it  from,  each  bearing.  Thus,  in  the  first  example 
given,  if  the  observed  fore-bearing  at  H  had  been  349°  00'  inst^cl 
of  349°  04',  the  final  error  would  have  been  4'.  It  would  be 
assumed  that  no  etior  occurred  in  reading  the  first  bearing. 
The  error  in  each  bearing  would  consequenUy  be  about  ^',  and 
the  calculated  bearings  could  have  been  corrected  for  this  error 
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by  adding  ^  i°  ^^^  '''^ — ^^^  ^  ^  ^7'  i'  to  th«  c«lculated 
bearing  of  B,  I'  to  that  of  C,  1  J'  to  D,  2'  to  B,  2J'  to  F,  3'  to  G, 
and  4'  to  H. 

In  applying  this  method  to  colliery  and  suiface-suTveys,  it 
will  be  found  advisable  to  book  apwards  in  the  nsual  manDcr, 
noting  the  baok-obeervatioii  (B.O.)  at  each  station.  A  tabnlated 
.  Btatement  o£  the  beaiings  may  then  be  made,  and  the  true  bearings 
calculated. 

ElTOS  In  Cunposs  Surveys.— lo  all  cases  wheie  the  dial  is 
naed  foi  surveying  in  the  presence  of  iron,  the  greatest  care 
must  be  taken  in  making  the  obeervationa ;  otherwise  veiy 
serious  erroM  may  arise,  specially  in  long  traveisea.  This  may 
be  illustrated  by  an  example. 

In  making  a  survey  in  the  ordinary  way  with  the  dial,  any 
error  in  the  readii^s  will  cause  the  next  di«ft  to  have  a  false 


Rg.  88. 

pomtion  when  i^otted.  Assuming  that  a  survey  is  made  between 
the  points  A  and  E,  ^.  26,  and  that  the  bearings  are  read  direct 
from  the  dial  without  error,  the  plan  of  the  traverse  will  be  correct, 
as  shown  by  the  line  ABCDil  in  the  figure.  If,  on  the  other  hand, 
a  mistake  is  made  during  the  progTeas  of  the  survey,  and  the 
bearing,  NAB,  of  the  line  AB  incorrectly  determined  to  the  extent 
of  the  angle  BAB'  or  a,  then  the  following  drafts  will  have  the 
same  error.  B'  will  be  the  end  point  of  the  first  drf>ft  when  plotted, 
thus  giving  a  lateral  error  of  BB'.  The  other  bearings  of  the 
traverse  being  correctly  determined,  on  plotting,  the  Imes  B'C, 
CT)',  lyE'  inll  be  obtained.  These  lines  most  be  equal  and 
prallel  to  the  lines  BC,  CD,  DE,  and  therefore  BB'  =  CC'  = 
DD'  =  EE'.  In  other  words,  the  lateral  error  BB'  caused  by 
th«  ittRonect  determination  of  the  bearing  of  the  Una  AB  is 
carried  uniformly  throughout  the  traverse,  whatever  its  length 
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may  be.    The  magnitude  of  this  enot  is  found  by  trigonometry 
to  be  2AB  ■  Bin  % 

The  magnitude  of  tlie  error  Is  entirely  different  when  the  ^al 
is  used  as  an  angle-meaanrer  in  surveying  over  iron.  Again, 
assuming  that  the  bearing  of  the  line  AB  has  been  inoorreotly 
determined  to  the  extent  of  the  angle  a,  the  ai^le  NAB'  having 
been  read  instead  of  the  angle  NAB,  if  now  the  dial  is  employed 
for  measuring  the  angles,  the  bearing  of  the  next  line,  BC,  is 
obtained  by  adding  or  subtracting  the  exterior  angle  at  B, 
according  as  the  line  BC  is  to  the  right  or  left  of  AB.  The  other 
bearings  in  the  presence  of  iron  may  be  assumed  to  have  been 
correcfly  taken.  The  bearing  of  the  line  AB  being  incorrect, 
the  bearing  of  the  line  BC  will  also  be  incorrect  to  the  extent 
of  the  angle  a.  Each  of  the  following  bearings  will  be  incorrect 
to  the  extent  of  the  same  angle,  so  that  on  plotting  the  calcu- 
lated bearings,  the  line  AB'C"D"E"  will  be  obtained.  The 
error  a  thus  affects  the  whole  traverse  from  A  to  E,  and  increases 
in  proportion  to  the  distance  apart  of  those  points.  The  length 
from  A  to  E  being  represented  by  L,  the  lateral  error,  EE'  ia 
equal  to  2L  dn  |. 

It  is  thus  evident  that  a  survey  may  be  very  inaccurate,  when 
the  angles  are  not  correctly  measured.  In  applying  the  method 
of  surveyii^  with  the  needle  over  iron,  the  surveyor  should  not 
fail  to  make  a  check-survey,  or  reverse  course  of  dialling,  selecting 
fresh  points  for  his  stations.  Not  only  in  this  method,  bat  in 
all  other  surveying  operations,  it  is  highly  desirable  that  the 
mine-surveyor  should  adopt  the  practice  of  always  checking  and 
verifying  every  part  of  his  work.* 

The  AcUon  of  Electric  Currents  on  the  Hagnetlc-Needle, — In 
view  of  the  rapid  increase  in  the  number  of  electric  tramways 
in  the  Weatphalian  coalfield  and  in  the  use  of  electric  power 
underground,  the  question  of  the  action  of  electric  currents  on 
mwfnetic  mine-surveying  instruments  is  of  such  great  interest 
that  Mr.  W.  Lenz  has  been  induced  to  conduct  a  series  of  ex- 
periments. A  point,  underground,  was  selected  at  a  horizontcd 
distance  of  some  100  yards  from  the  rails  of  the  Bochum-Hemt 
electric  tramway,  and  1,420  feet  below  it.  There,  by  means  o! 
a  Fennel's  magnetometer  with  quartz  fibre  suspension,  a  series 
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of  obaervations  of  variation  was  made  based  on  a  fixed  line. 
The  m^netometer  was  previously  compared  for  a  long  period 
mth  the  apparatus  in  the  Bochum  Town  Park,  and  the  two 
instruments  were  found  to  coincide  ainiost  exactly.  The  first 
observation,  in  September,  1895,  was  made  by  day,  the  second 
by  night,  when  the  line  was  free  from  current,  and  the  last  again 
by  day.  Whilst  the  curve  of  the  day-results  exhibited  great 
inegnlarities,  that  of  the  night-results  was  perfectly  regular,  and 
in  accord  with  the  magnetic  records.  The  irregularities  in  quite 
smaU  intervals  of  time  amounted  to  2-7  minutes  to  5-4  minutes. 
As  at  first  it  was  thought  that  the  deviations  might  be  ascribed 
to  the  iron-free  safety  lamps  employed,  a  third  observation  was 
made  in  the  morning,  the  lighting  being  eSected  by  a  steariue 
candle.  The  resulta  were  exactly  the  same  as  on  the  first  day. 
As  the  observations  were  made  at  a  comparatively  Urge  distance 
from  other  workings,  and  as  the  shaft  was  200  yardg  away,  it  is 
evident  that  magnetic  observations  can,  under  such  conditions, 
be  only  satisfactorily  conducted  during  the  night  in  the  absence 
of  the  electric  current.  Another  source  of  error  is  the  safety 
lamp.  Composed  of  various  metals,  the  lamp  in  a  hot  condition 
sets  up  thermo-electric  currents  which  act  on  the  magnetic- 
needle.  In  order  to  obtain  information  on  this  point,  the  author 
placed  six  mine -surveyors'  safety  lamps  free  from  iron,  one  at  a 
time,  first  in  a  cold  condition,  then  heated,  at  the  pole  of  a 
sensitive  magnetometer.  Of  the  six  lamps  examined,  two,  when 
cold,  had  no  action  on  the  needle,  whilst  all  acted  on  it  when 
hot.  The  deviations  observed  amounted  to  from  30  seconds  to 
160  seconds.  A  new  benzene  lamp,  that  had  not  previously 
been  used,  caused  a  deviation  of  as  much  as  6  minutes.  The 
deviation  increased  with  the  temperature  of  the  lamp.  A  quite 
new  aluminium  safety  lamp  caused  the  same  deviation  when 
cold  as  when  hot.  From  these  results,  it  follows  that  the  mine- 
Burveyor,  before  making  magnetic  observations  with  delicate 
instruments,  should  carefully  test  fais  lamp.  The  inHuence  of 
slight  m^netic  properties  may  be  lessened  by  holding  the  light 
in  the  prolongation  of  the  n 
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CHAPTER  VIIL 

Thx  Geriun  DiAl. 

laventlMl  ol  the  Gcnnan  DlaL — ^The  dder  continental  method  of 
fni-gpying  miiieB  cotudsts  in  suBpending  a  compaaa  and  a  clino- 
meter to  a  stretched  cord  representing  the  line  of  sight.  The 
compass  and  the  clinometer  are  read,  and  the  length  Si  the  line 
messuied.  In  this  wa;,  the  length,  bearing,  and  inclination  of 
the  station-line  ore  determined.  Mine-surveTs  were  conducted 
in  the  manner  described  by  Agric(Ja  until  the  invention  of  the 
German  dial,  or  hanging  compass,  by  Balthos&r  Boessler,  who 
died  at  Altenbarg,  in  Saxony,  in  1673. 

Mtasuiing  Statlwi-IJlMS.— The  cord  is  60  fathoms  long.  It  is 
made  of  hemp,  and  wound  round  a  wooden  reel  provided  with  a 
handle  (Big.  27).    This  cord  is  stretched  from  station  to  station. 


Fig.  ST.  Fig.  2S.  Fig.  2B. 

The  length  of  the  portion  stretched  depends,  of  course,  on  the 
distance  tA  the  stations  apart.  It  shomd,  however,  not  exceed 
8  fathoms,  so  as  to  prevent  the  formation  of  a  catenary  curve. 
The  screws  (Fig.  28)  to  which  the  cord  is  fastened  are  i  inches 
in  length.  They  ore  firmly  fixed  into  the  timbering  of  the  level. 
When  the  cord  is  stretched  between  the  two  points,  the  length 
of  the  line  is  mea8ur3d.  For  this  purpose,  the  Hungarian  sorveyoia 
emfiloy  &  fathom-rod ;  the  Saxon  surveyors  use  a  brass  5-fathom 

For  surveys  at  the  surface,  or  in  mines  where  there  is  no 
timbering  to  hold  the  screws,  a  trestle  of  the  form  shown  in 
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that  is,  perpendicularly  below  the  centre  from  which  the  plummet 
hanga.  It  commencee  with  0°,  and  goes  to  90°  on  both  sidea. 
Kach  degree  ia  subdivided  into  four  equal  parte,  bo  that  an  angle 
can  be  read  direct  to  15  minutes.  As  a  rule,  the  quarter  degrees 
are  further  divided  by  the  eye  into  three  equal  parta,  so  that 
angles  can  be  read  accurately  to  5  minutea.  In  order  to  facilitate 
the  reading,  the  graduated  side  of  the  clinometer  is  usually 
silver-plated. 

Use  of  die  Clinometer. — If  a  coid,  about  10  yards  in  length,  is 
stretched  horizontally,  and  the  clinometer  suspended  from  its 
centre,  the  human  hair,  hanging  vertically  on  account  of  the 
weight  of  the  plummet,  will  coincide  with  tne  sero  of  the  gradu- 
ation, provided  that  the  cord  is  stretched  perfectly  tight,  and  that 
the  clinometer  is  tree  from  defects  of  construction.  If  the  cord 
is  inclined  at  an  angle  BAG  (Fig.  31),  the  hair  will  not  coincide 
with  zero,  but  will  give  the  angle  DUE,  which  represents  the 
au;,le  of  inclination  of  the  cord.  For  since  AHD  +  DHE  =  a 
right  angle,  and  AHD  +  BAC  =  a  right  angle,  AHD  -f  DHE  = 
AHD  +  BAC,  therefore  DHE  =  BAC.  The  clinometer  thus 
may  be  used  for  determining  the  incUnation  of  lines. 

The  cord  when  stretched  forms  a  catenary  curve,  and  con- 
sequently the  angle  of  inclination  varlsa  at  diScrent  pointa  in  the 
curve.  There  must,  however,  be  a  point  where  the  coed  is 
p:^rallel  to  the  line  joining  the  two  end  pointa,  and  there  the 
clinometer  must  be  placed  in  order  to  obtain  the  true  inclination. 
The  weight  of  the  clinometer  being  neglected,  the  correct  point 
of  suspension  is  slightly  below  the  centre  of  the  cord.  But  the 
weight  of  the  clinometer  alters  the  inclination  of  the  cord,  as  it  ia 
not  uniformly  divided  between  the  two  hooka.  The  place  where 
the  clinometer  must  be  auspended,  in  order  to  give  the  correct 
inclination  of  the  cord,  has  been  found  by  Professor  A.  von  MiUer- 
Hauenfels.  His  rule  is  as  follows : — The  chnometer  must  be 
suspended  at  a  certain  distance  above  the  centre  of  the  cord. 
For  cords  at  an  inclination  of  about  15°,  this  distance  is  obtain:d 
by  multiplying  the  length  of  the  cord  by  0*004  for  each  degree ; 
for  greater  angles,  the  length  mist  be  multipUed  by  0-003  for 
each  degree.  Thus,  with  a  cord  12  matres  in  length  inclined  at 
itn  angle  of  20°,  the  clinometer  must  be  suspended  at  a  distance  of 
6  72  metres  from  the  lower  end.  In  practice  it  is  found  sufficient 
to  suspend  the  clinometer  at  the  middle  of  the  cord,  when  the 
latter  ia  hut  slightly  inclined.  With  highly  inchned  cords,  how- 
ever, it  is  advisable  to  suapend  the  clinometer  half  a  yard  from 
the  two  ends,  and  to  take  the  mean  of  the  two  readings,  as  the 
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The  compaas  and  clinometei  fit  into  a  leather  case  fastened 
to  a  belt  worn  round  Ae  Burveyor's  waist.  A  few  hain,  some 
wax,  and  a  plummet  must  always  be  carried  in  leaeire. 


Somyiog  with  the  Gennan  DiaL — In  booking  a  survey  made 
with  the  German  dial,  the  date,  the  name  of  the  mine,  and  a 
description  of  the  starting-point  should  first  be  noted,  A  fixed 
point  having  been  selected  as  a  starting-point,  intermediate  points 
are  so  chosen  that  they  can  be  connected  without  hindrance  by 
cords  6  to  8  fathoms  in  length.  These  points  are  either  in  the 
permanent  timbering  of  the  level,  or  in  timbers  tempoianly 
inserted  for  the  purpose.  At  these  points,  cord-acrewa  are  fized. 
The  loop  at  the  end  of  the  cord  is  placed  over  the  first  screw. 
The  cord  is  tightly  stretched  to  the  next  screw,  and  having  been 
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wound  round  it  two  oi  tliree  tiines,  is  carried  od  to  the  next 
again.  Six  to  ten  Btation-lineB  are  thus  obtained,  and  the  survey 
is  commenced.  A  plummet  is  dropped  from  the  first  screw  to  the 
floor  of  the  level,  and  the  perpendicidar  distance  measured.  The 
length  of  the  stretched  cord  b  measured  by  placing  the  measuring 
rod  gently  along  it.  The  cUnometer  is  then  Buspended  from  the 
middle  of  the  cord,  and  the  rise  or  fall  read.  Lastly,  the  hanging 
compass  is  suspended  from  the  cord  near  the  end-pciut  of  the 
line,  care  being  taken  that  the  north  end  of  the  dial  is  directed 
towards  the  end-point  of  the  line.  The  bearing  of  the  cord  ia 
then  read.  The  mode  of  procedure  is  the  same  with  the  other 
lines. 

The  observatjons  are  noted  in  the  dialling-book.  In  the 
column  for  remarks,  sketches  of  portions  of  the  level  are  inserted, 
showing  the  position  of  the  offsets  measured  from  the  stretched 
cord.  The  bearing  and  dip  of  any  veins  or  cross-courses  met, 
should  also  be  noted.  At  the  end-point  of  the  survey,  a  fixed 
point  should,  if  possible,  be  selectei^  and  the  distance  from  the 
floor  of  the  level  measured.  When  great  accuracy  is  required, 
a  reverse  survey  is  made  as  a  check. 

When  the  survey  is  complete,  the  bases  and  perpendiculars 
of  the  inclined  Imes  have  to  oe  determined.  The  cord  beii^  the 
hypothenuse  of  a  right-angled  triangle,  its  length  must  be  multi- 
l^ed  by  the  cosine  of  the  angle  of  inclination,  in  order  to  obtun 
the  base  of  the  triangle — that  ia,  the  plotting  length  of  the  line. 
The  perpendicular  is  obtained  by  multiplying  the  inclined  length 
by  the  sine  of  the  angle  of  inclination. 

The  form  oi  dialling-book  adopted  is  given  on  p.  108. 

In  this  survey,  the  distances  were  measured  in  metres.  The 
hanging-compass  used  was  divided  into  half-degrees,  which 
were  subdivided  by  the  eye  into  tenths  of  degrees.  The  clino- 
meter was  alw  read  to  tenths  of  degrees.  The  figures  obtained 
by  calcolation,  in  the  "base"  and  "perpendicular"  columns, 
are  usually  entered  in  red  ink.  If  the  survey  is  to  be  plotted 
trigonometrically  or  by  means  of  the  protractor,  the  observed 
bearings  are  first  corrected  for  the  magnetic  declination.  The 
table  on  n:iL  page  is  an  example  of  the  method  of  booking  re- 
commended at  the  Freiberg  School  of  Mines. 

In  the  Harz,  where  a  thin  wire  is  used  instead  of  a  cord,  the 
station-line  is,  if  possible,  made  10  metres  in  length.  The  trigono- 
metrical calculations  are  thus  greatly  facilitated,  especially  if 
logarithms  are  used.  The  form  of  dialling-book  adopted  when 
the  compass  is  divided  into  hours,  is  shown  on  p.  109. 
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The  nght-hand  page  of  the  survey-book  is  reserved  for  sketches, 
showing  the  position  of  the  oSeeta  taken. 

Plot&ig  0ie  Survey. — The  survey  may  be  p!ott«d  by  means  of 
the  compass  that  was  used  undeiground.  The  plotting  instru- 
ment (Fig.  36)  consists  of  a  truly  rectanguUr  plate  of  brass,  10 
inches  long  and  5  inches  wide,  with  a  r^sed  ring  in  the  middle 
for  the  reception  of  the  compasa-box.     The  diameter  of  the  ring 


Fig.  36. 


parallel  to  the  long  «de  of  the  plate  is  marked  on  its  surface  by 
means  of  two  fine  lines.  The  compass-box  is  placed  in  the  ring, 
and  clamped  so  that  the  12-hour  line  coincides  with  these  two 
lines.  The  upper  edges  of  the  rectangular  plate  are  bevelled, 
Eo  as  to  diminish  the  shadow  on  the  paper. 

The  paper  on  which  the  plan  ia  to  ho  drawn,  is  fastened  to  a 
horizontal  table.  The  plotting-inatrument  is  then  placed  on  tho 
paper,  and  turned  until  the  marked  end  of  the  needle  points  to 
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the  north.  A  line  is  then  drawn  along  the  dde  of  the  plate  wh'ch 
will  represent  the  north  line  of  the  plan.  A  point  for  commencing 
the  {dotting  is  selected,  and  the  instnunent  turned  at  that  point 
until  the  needle  points  to  the  bearing  of  the  first  line.  A  line 
is  then  drawn  along  the  side  of  the  instniment,  and  the  required 
distance  meaeuied  with  a  scale. 

This  method  presents  the  advantage  d  plotting  the  survey 
with  the  actual  instrument  used  to  make  it,  and  consequently 
with  the  same  d^rec  of  approximation.  But  the  errors  due  to 
magnetic  influences  are  not  eliminated,  as  the  conditions  are  not 
the  same  as  they  were  in  the  mine.  In  a  drawing  office,  too, 
there  are  always  iron  objects  that  may  aSect  the  needle.  At 
the  French  collieries  of  Decize  in  Kievre,  a  drawing  office  has 
been  built  in  which  all  the  ironwork  has  been  replaced  by  copper 
for  the  purpose  of  employing  this  instrument  without  incon- 
venience. 

Suiveyfng  wltb  tiu  Han^ng-CMnpasi 

In  Uw  Presence  of  Iron. — Numeraus 

attempts  have  been  made  to  modify 

the  construction  of  the  hanging-compass 

in  such  a  way  that  it  can  be  used  for 

surveying  over  iron.    Perhaps  the  most 

successful  is  the  adjustable  hangii^- 

compass   (Fig.  36),  invented  by  Mr. 

Fenkert  *  of  Beuthen.     It  is  so  arranged 

that  it  can  be  centred  under  the  point 

Vig.  m.  oi  junction  of  two  cords  and  thus  the 

bearing  of  the  two  lines  can  be  taken 

from  the  same  plaoe.    The  instrument  is  manufactured  by  A.  Ott, 

of  Eempten,  Bavaria. 

In  all  instruments  constructed  on  this  principle,  there  is  the 
disadvantage,  apart  from  the  difficulty  of  oentring  the  mag- 
netic-needle with  a  small  plumb-line,  that  when  cords  with 
different  inclinations  come  together,  the  position  of  the  point  of 
Buspension  of  the  needle  differs  vertically  on  the  two  cords,  and, 
consequently,  the  easential  feature  of  the  method  is  defective. 
This  iltawback  has  been  obviated  by  a  hangii^-compass  invented 
by  Mr.  Oscar  Langer,  of  Clausthal,  in  which  the  point  of  sus- 
peoedon  of  the  compass,  which  remains  unmoved,  forms  the 
apex  of  the  angle  to  be  measured. 

Use  of  the  German  DlaL — The  hanging-compass  in  Qermany 

and  France  is  being  replaced  by  the  theodolite ;   but  it  ia  still 

•  Berg.  H.  ZIg..  voL  xxiiic.,  1830,  p.  a. 
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{ound  useful  in  narrow  vorkings.  It  is  occoaionaU^  oaed  in 
America.  Thus,  in  surveying  the  Longdale  iron  mine  in  Vir- 
ginia, Mr.  G.  R.  Johnson  has  found  it  a  useful  auxiliary.*  The 
four  main  adit  levels  of  the  mine  having  been  surveyed,  and 
their  entrances  connected  by  level  and  theodolite  lines,  it  remained 
to  survey  the  stopes  and  workings  in  order  to  make  a  com^Jete 
map,  and  to  test  the  accuracy  of  the  forgoing  work.  To  do  this 
with  the  theodohte  and  level  was  out  of  the  question,  both  on 
account  of  the  roughness  of  the  workings,  and  also  because  they 
were  much  too  small— so  small  in  places  that  a  man  could  scarcely 
crawl  through  them.  The  hanging-compass  was  consequently 
used  with  very  satisfactoTV  results,  the  ends  of  the  survey  co- 
inciding with  the  corresponding  points  determined  in  the  theodolite 
survey.  A  modification  of  the  stretched  strii^  method  has  been 
used  with  success  by  Mr.  F.  L,  Burrf  in  surveying  secondary 
mine  openings  in  the  Lake  Superior  iron  ore  mines,  tike  hai^ii^ 
compass  bei^g  dispensed  with  and  the  angles  between  the  strings 
measured. 
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The  Ykbnirb  Djau 

Prindphs. — The  instxument,  in  bo  fai  as  ito  appUcation  to 
traveieing  independently  o(  the  m^netic-needle  U  concerned, 
consiste  essentially  of  a  graduated  circle,  which  can  be  set  and 
rotated  in  a  horizontal  plane,  and  provided  with  sighting  vanes, 
forming  a  line  of  sight,  which  can  be  rotated  concentrically  with 
the  ciaduated  circle.  A  vernier  moving  with  the  sighting  vanes 
enames  the  angle  turned  through  by  the  line  of  sight  to  be 
measured  on  the  graduated  circle. 

The  Vwnier. — The  vernier,  which  was  invented  in  1631  by 
Kerre  Vernier,  consiata  of  a  short  graduated  slide  arranged  to 
move  in  contact  with  the  scale  in  conjunction  with  which  it  is 
used.  Vemleis  are  graduated  so  that  each  of  the  divisions  is 
slightly  smaUer  oi  la^er  by  a  definite  amount  than  the  smallest 
divisions  on  the  main  scale,  thus  giving  rise  to  two  types  of 
vemiera,  those  in  which  the  vernier  divisions  are  smaller  than 
the  scale  divisbns  read  in  the  same  direction  as  the  scale,  and 
are  hence  known  as  direct  or  forward  verniers,  and  those  in  which 
the  vernier  divisions  are  larger  than  the  scale  divisions  read  In 
the  leveise  direction  to  thai  ot  tbe  scale,  and  are  known  as  reta>- 
grade  verniers. 

In  surveying  instruments,  and  in  most  instruments  In  which 
H  is  employed,  the  vernier  serves  a  double  purpose,  acting  as  an 
index  and  also  as  a  subdivider  for  the  scale.  The  principle  and 
use  of  the  vernier  can  be  best  explained  by  reference  to  a  vernier 
employed  to  r?ad  a  scale  to  one-tenth  of  the  smallest  divisions. 
Fig.  37  represents  a  scale  of  inches  and  trnths  of  an  inch,  and  it 
U  deaied  to  take  the  reading  of  the  scale  at  the  point  indicatbd 
by  the  arrow  correct  to  a  hundredth  of  an  inch.  In  order  to  do 
this  a  vernier  is  employed,  which  is  divided  so  that  ten  divisions 
on  the  vernier  are  eqnial  to  nine  on  the  scale.  If  we  now  move 
the  Tetniei  along  until  it  occupies  the  position  shown  in  Fig.  39, 
■0  that  the  vernier  correspont^  to  that  of  the  arrow  in  Fig.  37, 
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piece^ng  equala  »  —  x  (~ j  =  -  in  tenoB  of  tUe  smallest 

scale  diviaions.  ^ 

The  same  leaaoning  applies  to  letiograde  Temiers,  where  n 
divisions  on  the  Tetnier  are  made  equal  to  n  +  1  divisions  on  the 
scale,  but  in  this  case  the  coincidence  occurs  behind  the  point 
on  the  scale  where  the  reading  has  to  be  taken,  so  that  the  vernier 
reads  backwards.  Retrograde  verniers  are  very  rarely  employed 
on  Burveyiog  instruments,  but  one  example  of  their  use  which 
should  be  noted  is  in  the  case  ot  the  mercurial  barometer, 
where  verniers  of  this  type  are  not  infrequently  used  for 
reading  off  the  height  of  the  column  of  mercury  at  any  particular 
time. 

The  verniers  employed  in  snrveyii^  instruments  vary  according 
to  the  graduation  of  the  circles  with  which  they  are  used  and  the 
d^ree  of  accuracy  to  which  they  are  required  to  read,  this  being 
determined  by  the  difierenoe  in  the  value  of  the  divisions  on  the 
vernier  and  i^  those  on  the  circle.  This  difference  is  known  as 
the  least  readiiu  or  least  count  of  the  vernier. 

The  least  reamng  of  any  vernier  can  be  found  from  the  following 

formula : — Least  reading  =  a ■ -,  in  which  a  represents 

the  value  of  the  smallest  diviuon  on  the  circle,  and  n  represents 
the  number  of  diTisions  on  the  vernier  corresponding  to  n  —  1 
divisions  on  the  circle. 

The  least  reading  of  the  verniers  employed  in  dials  is  usually 
three  minutes  though  verniers  reading  to  single  minutes  are  not 
uncommon.  The  verniers  in  theodolites  used  for  mining  work 
are  usually  arranged  to  read  to  single  minutes  or  thirty  seconds. 
An  exam^e  of  a  vernier  to  read  to  three  minutes  is  shown  in 
Fig.  40.  In  this  case  the  circle  is  divided  into  degrees,  and  twenty 
divisions  on  the  vernier  are  equal  to  nineteen  on  the  circle.  The 
vernier  of  a  theodoUte  arranged  to  read  to  ungle  minutes  is  shown 
in  Kg.  41.  The  circle  is  divided  into  half-degrees,  and  30  divisions 
on  the  vernier  are  equal  to  29  on  the  circle.  It  is  a  common 
practice  at  the  present  time  to  make  the  centre  division  of  the 
vernier  the  zero,  as  shown  in  Fig.  42,  so  that  in  some  positions 
the  coincidence  occurs  beUnd  the  sero.  Such  verniers  are  rather 
confusing  at  first,  and  the  advantages  of  this  method  of  dividing 
are,  to  say  the  best,  obscure.  They  are  not  to  be  confused  with 
letK^rade  verniers,  as  they  are  read  forwards  from  the  zero, 
and  again  from  the  30  minute  divisions  on  the  right,  which,  as 
will  be  seen,  occupies  an  exactly  corresponding  position  with 
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leferenoe  to  tbe  nearest  md»  division  as  the  one  on  the  left 
does  to  the  ciicle  division  nearest  it. 

Double  verniers  are  Bomedmes  provided  in  theodolites,  more 
especially  in  American  instruments.  In  sach  vernierfi  the  zero 
is  placed  in  the  oenti«,  and  a  coincidenoe  ooouis  on  either  ride 
(rf  this,  bat  only  one  or  other  side  of  the  vernier  is  read  aooording 
to  the  direction  in  which  it  is  desired  to  read  the  circle, 

60  "* 

60  ** 

Figi.  to,  41,  uid  42. — Ezamidra  of  remier. 

Various  Forms  of  Vernier  Dials. — These  may  be  classed  under 
two  heads — viz.,  inside  vernier  dials  and  outside  vernier  dials. 
In  both  these  types  of  instrument  a  magnetic-needle  is  provided 
so  that  they  can  be  used  for  loose-needle  traversing  as  well  M 
for  fixed  needle  work.  They  differ  from  one  another  easentially 
in  that  in  the  inside  vernier  type  the  horizontal  graduated  cirde 
used  lor  measuring  angles  off  the  magnetic  meridian  is  also  used 
for  measuring  angles  with  the  vernier.  Whilst  in  the  outside 
venuei  dials  two  horizontal  graduated  circles  are  provided,  one 
for  use  solely  with  the  m^netic-needle,  the  other  solely  with  the 
vernier. 

As  already  eanlained  in  Chapter  VI,  the  graduation  of  the 
compass  ring  in  the  miner's  dial  is  contra-dockwiBe,  so  that  nomud 
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mi^netic  azimutlis  an  read  o3  directly  with  the  needle.  This 
practice  ia  also  usually  followed  in  the  case  of  inside  vernier  dials, 
and  as  the  same  graduatiotis  are  used  for  the  needle  and  vernier, 
the  angles  obtained  with  the  latter  are  reversed,  or  are,  as  it  is 
Bometiraes  termed,  left-handed.  In  order  to  obtain  normal 
directions  from  the  observations  taken  with  such  a  dial,  each  of 
the  vernier  readings  must  be  subtracted  from  360°. 

Since  in  the  outside  vernier  dial  separate  graduated  circles 
for  use  with  the  needle  and  vernier  respectively  are  provided,  the 
«ontra-clockwiae  graduations  on  the  compasa-ring  can  be  retained, 
whilst  the  circle  for  use  with  the  vernier  can  he  graduated  clock- 
wise, so  that  normal  angles  are  read  ofi  both  with  the  vernier 
and  the  needle.     In  many  outside  vernier  dials,  however,  the 
compass-ring  graduation  is  clockwise  and  the  vernier  circle  gradu- 
ations contra-clockwise,  so  that  both  loose-needle  and  vernier 
readings  are  reverse  from  the  normal.     There 
seems  to  be  no  adequate  reason  why  such  ,a 
practice  should  ever  have  been  introduced,  as 
it  leads  to  confusion  in  comparing  surveys 
made  with  the  miner's  dial  on  the  one  hand 
,   and  the  theodolite  on  the  other.    Most  makers, 
'  however,  will  provide  instruments  graduated 
to  comply  with  a  given  specification,  and  it  is 
strongly  advised  that  a  surveyor,  in  ordering 
an  outside  vernier  dial,  should  stipulate  that 
the  graduations  should  be  contra -clockwise 
on  the   compass-ring   and   clockwise  on  the 
ma.  43.  vernier  circle. 

Inside  Vernier  Dials.— Various  forma  of  this 
type  have  been  introduced,  which  only  vary  in  minor  details. 
Lean's  dial  is  of  this  type,  and  was  for  many  years  very  popular. 
An  outside  view  of  this  form  of  di^  as  manufactured  by  W.  F. 
Stanley  &  Co.,  Ltd.,  is  shown  in  Fig.  43,  whilst  Fig.  44  represents 
the  internal  arrangement.  As  will  be  seen  from  the  latter  figure,  the 
compass-box  is  compoMte,  and  the  dial  may  be  considered  to  con- 
sist of  two  parts  which  move  relatively  with  regard  to  one  another, 
the  compass-ring  a  and  the  socket-piece  b,  rigidly  connected  by 
means  of  screws,  forming  one  part,  and  the  outer  portion  of 
the  compass-box,  to  which  is  attached  the  vernier  c,  and  the  plate 
d,  which  carries  the  sight-vanes  (not  shown  in  figure),  forming  the 
other  part.  These  two  parts  can  be  locked  together  by  meana 
of  a  pin/,  which  can  only  be  inserted  when  the  zero  of  the  vernier 
cpincidea  with  the  zero  of  the  graduations  on  the  compass-rins. 


,.  Google 


TnE  VEBNIBS  DIAL.  117 

THe  dial  is  attached  to  the  sjandle  of  the  ball-and-socket  joint 
by  means  of  the  aocket-plece  b,  and  when  the  screw  A  is  iooae 
rotation  of  the  socket-piece  can  be  effected.  When  the  jnn  / 
b  in  position,  the  dial  can  thus  be  rotated  as  a  whole ;  with  the 
pin  removed,  rotation  of  the  outer  portion  of  the  comp£«s-box 
with'  the  parts  attached  can  be  eSected  independently  of  the 
compass-ring,  which  can  be  left  clamped,  by  turning  the  milled 
head  e,  which  causes  the  pinion  <;  to  move  round  the  compass- 
ring,  the  lower  outside  edge  of  which  having  teeth  cut  in  it  forms 
a  laige  pinion.  The  effect  of  this  movement  is  to  cause  the  plate 
d  and  sh  its  attachments  to  rotate^. 

The  instrument  is  provided  with  spirit  levels  and  a  graduated 
arc  for  measuring  vertical  angles,  and  a  telescope  so  that  the  in- 
strument may  be  used  as  a  theodolite  for  surface-surveys.  The 
vertical  arc  and  the  telescope  may  be  removed,  and  the  sights 


Tig.  44. — Luide  vernier  diaL 

used.  The  latter  are  made  to  fold  down  for  convenience  in  packing. 
Underneath  the  compass-box  is  a  sliding  piece  to  throw  the  needle 
off  its  pivot  BO  as  to  preserve  it  when  not  in  use. 

The  BmdersoB  Dial  is  a  modified  form  of  the  Lean  dial,  and 
is  represented  in  Fig.  45. 

In  the  construction  of  the  sights,  the  use  of  horse  hairs  is 
avoided,  as  they  are  liable  to  get  burnt  by  a  flaring  candle  under- 
ground. In  place  of  the  ordinary  horse-hair  sights,  the  split- 
sight  is  adopted.  There  is  a  narrow  slit  in  each  sight,  through 
which  the  object  can  be  distinctly  seen,  and  its  hearing  deter- 
mined with  precision.  On  the  other  hand,  if  the  vertical  hair 
is  used,  it  covers  to  a  certain  extent  the  object,  which  should  be 
seen  sharply  defined. 

The  neei^e  is  mounted  on  a  ruby  instead  of  the  ordinary  agate. 
Consequently,  can  must  be  taken  to  throw  ofi  the  needle  when 
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not  lequiied,  as  the  shock  caused  hj  placing  the  tripod  suddenly 
on  the  gronnd  ie  apt  to  ciack  the  ruby,  which  though  extremely 
hard,  is  brittle. 

To  the  noith-Beekiiig  end  ot  the  needle,  an  aluminium  vemiei 
is  fixed,  the  needle  being  counterbalanced  at  its  other  end.  By 
the  aid  of  this  contrivance,  a  bearing  can  be  read  to  three  minutes, 
a  degree  of  predsion  suffident  for  general  purposes. 


Fl}[.  4S. — Uendenon  duL 

The  special  feature  of  the  dial  is  the  attachment  to  the  instru- 
ment of  two  sets  of  folding  sights,  one  revolving  within  the 
other.  The  fixed  sigbtB  are  always  in  a  line  with  the  back  object 
in  fast-needle  surveying ;  whilst  the  inner  or  revolving  sights 
adjusted  to  the  forward  object  give  the  angle  of  deviation  bom 
the  original  diiection.  The  sights  are  made  to  fold  over  so  as 
to  be  out  of  the  way,  in  case  the  new  line  should  too  dosely 
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desired,  bo  that,  m  in  tKe  caae  of  the  inmde  veraiei  dial,  the 
instrument  can  be  rotated  as  a  whde  when  the  screw  e  is  loose. 


ftg.  46.— Ontedde  veniier  diaL 

whilst  on  tightening  the  latter  and  looBening  the  clamp  the  eigb^ 
vanes  and  vemiei  can  be  rotated  independently. 

Two  spirit-levelB  at  right  angles  to  one  another  are  set  in  the 
bottom  of   the  compass-box  for  the  purpose  of  levelling  the 


The  Hedley  form  of  dde  arc  for  taking  vertical  angles  i 


FIf .  47. — OotBide  vemiei  diftL 


replaced  hy  a  fixed  circular  box  IJ  inches  in  diameter,  with  a 
hand  traversing  a  dial-plate  divided  into  90°.     This  form  of 
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vertical  aic  ia  supported.  In  order  that  the  compass  graduation 
shall  not  be  obstructed,  the  standards  are  entirely  dispensed 
with.  In  their  place  is  a  movable  semi-circular  arc  carrying  the 
bar  with  the  sights,  or  telescope  if  required.  This  arc  is  at  right 
angles  to  the  graduated  vertical  arc,  and  the  axis,  on  which  it 
turns,  corresponds  with  the  east  and  west  points  of  the  compasa- 
box.  Angles  of  elevation  or  depression  up  to  90°  can  be  taken 
simultaneously  with  horizontal  angles.  The  dial  is  thus  well 
suited  for  surveying  in  metallifeTOUS  mines.  It  is  manufactured 
by  Ur.  W.  H.  Hailing,  of  London. 

Thornton's  Dial — This  dial  is  the  patent  of  Messrs.  A.  Q. 
Thornton  and  Co.,  of  Manchester.  Its  ape<»al  feature  is  a  gradu- 
at«d  semicircular  folding  arc  for  taldng  vertical  angles.  This 
vertical  limb  ia  fixed  by  hinge  joints  to  the  edge  of  the  compass- 
box,  and  may  be  folded  down  out  of  the  way  of  injury  when 
the  dial  is  being  carried  about  in  the  niine.  A  groove  is  cut 
in  the  vertical  limb,  in  which  alidea  the  bridge  carrying  the  sights. 
The  bridge  may  be  fixed  at  any  angle  by  a  clamjnng  screw,  and 
to  it  a  vernier  is  attached  for  readu^  vertical  angles.  In  order 
to  ensure  the  rigidity  of  the  hinged  vertical  limb,  a  jan  is  pro- 
vided to  fix  it  securely,  and  when  folded  down  it  rests  upon  a 
lec^,  and  so  relieves  tiie  hinged  jcdnts  of  strain. 

The  compass-plate  is  6^  inches  in  diameter,  and  its  edge  is 
bevelled;  the  divisions  are  thus  clearly  seen,  and  readings  can 
be  taken  very  readily.  The  dial  ia  provided  with  a  vernier  within 
the  compass-box,  and  with  two  sprit-levels  let  into  the  com- 
pass-faoe  at  right  angles  to  one  another.  It  is  attached  to  the 
tripod  in  the  usual  way  by  a  ball-and-socket  joint  with  clamping 
screw. 

Gnibb  Sight  Iv  Dlab,— Sir  Howard  Grubb*  has  invented  a 
nght  for  dials,  consisting  of  a  short  brass  tube  about  3  inches 
long  by  f  inch  square,  through  which  the  object  is  viewed.  About 
midway  down  this  tube  ia  fixed,  at  an  angle  of  45°,  a  plate  of 
glass  coated  with  a  semi-transparent  and  highly  reflective  filnL 
This  plate  reflects  the  light  of  a  lamp  held  on  one  side  of  the 
tube  at  an  opening  in  that  aide,  the  opening  containing  a  piece 
of  glass  on  which  a  cross  has  been  marked.  By  this  means,  aided 
by  a  lens  in  the  tube,  the  cross  is  seen,  when  looking  through 
the  s^ht,  projected  upon  the  object,  and  in  the  same  verti^ 
i^ne  with  the  latter,  so  that  the  eye  is  not  called  upon  to  focus 
Itself  at  more  than  one  distance  at  the  same  time. 

This  form  of  mght  has  not  been  adopted  to  any  extent  owing, 
•  Ttwu.  Im*.  Mug.  Eng.,  1IW3,  toL  sxiil.,  p.  118. 
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CHAPTER  X 

The  Theodolite. 

Hbtorieal  Sketch. — In  mine-Buiveys,  where  extreme  acouiacy 
is  required,  the  tlieodolite  should  be  employed.  There  is,  how- 
ever, no  occasion  for  it  to  be  used  exclusively,  as  the  modem 
vemiet-dial  ia  a  form  of  theodolite,  which  from  its  rimplicity  and 
compBctneas  is  better  adapted  for  uude^round  work  than  the 
theodolite  itself,  and  prov^  by  severe  tests  to  give  highly  satis- 
factory results.  For  snrface-aarveying  the  dial  is,  however, 
decidedly  inferior  to  the  theodolite. 

The  employment  of  improved  instruments  for  measuring 
angles  nnde^round  in  place  of  the  compose,  dates  from  the  end 
of  the  18th  century.  In  1798,  H.  C.  W.  Breithaupt,  of  Cassel, 
invented  a  mine-sarreying  instrument,  resembling  an  aslroiabe. 
This  was  essentially  a  theodolite.  It  had  a  graduated  horizontal 
circle  with  verniers,  a  vertical  arc,  a  sighting-tube,  and  a  com- 
pass. Two  seta  of  legs  were  used  with  the  instrument.  In  the 
same  year.  Professor  Guiliani,  of  Elagenfurt,  invented  a  mining 
theodolite,  calling  it  a  cataga^abium.  Mine-surveys,  too,  were 
made  between  the  years  1795  and  1601  by  the  Polish  General, 
Komorzewski,  with  a  graphomHn  aouterram  which  he  invented. 
Since  1832,  the  theodolite  has  been  used,  more  or  less,  in  alt 
mine-surveys,  where  great  accuracy  is  required.  Theodolites 
specially  constructed  for  mining  purposes  are  now  made  in  great; 
numbers  by  the  continental  and  Jmierican  instrument-makers. 
In  Great  Britiun,  however,  the  tendency  has  been  to  improve 
the  construction  of  the  circumferenter,  making  it  more  and  more 
like  the  theodolite,  so  that  with  it  results  can  be  obtained  as 
accurate  as  those  made  with  a  German  mining  theodolite  of  the 
same  size. 

Dascriptkm  of  the  Theodolite.— The  theodohte  is  the  most 
important,  but  at  the  same  time  the  most  com|dicated,  instru- 
ment used  by  the  mine-surveyor.  In  general  outline,  it  may  bo 
described  as  a  telescope  mounted  on  a  horizontal  and  a  verticai 
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axis,  in  such  a  way  that  the  horizontal  and  vertical  rotation  of 
its  optical  axis  may  be  meaaured. 

Theodolites  may  be  divided  broadly  into  two  classes — viz., 
repeating  and  non-repeating 
theodolites.  The  latter  form, 
which  are  of  simpler  con- 
stroction  than  the  former, 
are  not  convenient  for  miite- 
aurveying,  and  the  term 
theodohte  will  be  used  in 
this  work  aa  indicating  re- 
peating theodolites. 

There  are  many  forms  of 
theodolite,  but  there  are 
certain  essential  parts 
common  to  aUL 

These  are  shown  in  Fig. 
60.  The  moot  important 
part  is  the  horiamiai  cinie, 
Qt,  which  has  its  edge 
bevelled  and  graduated,  the 
degrees  being  numbered 
continuously  round  it 
towards  the  right  up  to 
360°.  At  the  centre  of  this 
circle  is  another  circular 
plate,  the  uemter-ptite  F, 
capable  of  rotation  inde- 
pendently of  the  horizontal 
circle.  On  the  vemier-jdate 
is  engraved  a  line,  the  index 
line,  passing  exactly  through 
the  centre,  the  end-points, 
or  indices,  extending  to  the 
graduation  of  the  hoiizontal 
circle.  The  indices  are  pro- 
vided with  vemieis^  read  by 
means  of  the  microscopes 
S'  9'  vhich  are  sometimes 
provided  with  plates  of  ivory  f^.  so. 

to  reflect  light  on  the  scale. 

The  horizontal  circle  and  the  vernier-plate  together  are  sometimea 
penned  the  horiamtal  limb,  in  which  ease  G  is  called  the  huer 
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Utnb.     The  instrument-nutkeiB'  names  ate  (F)  plate,  and  (G) 
limb. 

On  the  Teniier-[dAte  un  two  uprights  oi  supports,  D,  D,  which 
support  the  horizontal  axis,  C,  of  ^e  telescope  and  the  vertieal 
or  Miitude  cirde,  E.  The  latter  is  provided  with  two  indices  with 
vemien  at  the  opposite  ends  of  a  homontal  bar,  read  by  the 
microscopes  e,  s.  The  telescope  AB  is  fixed  directly  upon  ths 
horizontal  axis. 

The  horiEontal  cirde  is  screwed  by  a  flange  to  a  hollow  brass 
vertical  axis,  E,  kiiowtt  as  the  hody-piece,  poasing  through  the 
collar  of  a  clamp,  where  it  may  be  fixed  or  loosened  by  the  damp 
tKmv,  h.  Below  the  collar,  the  body-piece  works  freely  on  a 
ball-and-socket  joint  at  its  lower  end.  The  ball  and  socket  is 
[daced  between  the  parallel  plates,  L,  H,  which  are  provided 
with  four  levelling  screws,  I.  The  vemier-plate,  which  is  ngidly 
attached  to  the  vertical  axis  proper,  is  provided  with  two  Bjorit- 
levels,/,/  and  a  longer  spirit-level,  o,  is  attached  to  the  telescope. 

The  whole  instrument  is  supported  on  a  stroi^ 

tripod  stand* 

The  vertical  circle  is  usually  divided  into  fout 

quadrants,  the  degrees  in  each  of  which  ate 

numbered  from  0°  to  90°,  as  shown  in  Fig.  51. 

A  continuous  graduation  all  round  the  circle 

is,  however,  pr^erred  by  many  surveyors.    In 
p^,  51.  the  old-fashioned  theo(blite  the  vertical  limb 

is  a  semicircle.  This  is  surmounted  by  an 
oblong  fiat  piece  of  brass,  the  ^age,  to  the  ends  of  which  are 
screwed  the  two  forked  rests  called  Y's,  by  which  the  bell- 
metal  collars  of  the  telescope  are  supported.  Under  the  tele* 
scope  is  a  long  spirit-level.  A  theodolite  of  this  kind  is  termed 
a  plane  theodolite,  whilst  one  with  a  com|dete  circle  as  vertical 
limb  is  termed  a  tratuit  theodolite.  The  advantages  presented 
by  the  latter  form  are  numerous,  and  aU  modem  mimng  theo- 
ddites  are  of  this  type. 

Connected  with  tiie  horizontal  circle  and  vemier-plato,  there 
are  two  screws,  H,  I,  one  of  which,  H,  is  a  clamping  screw  and 
the  other  a  slow-motion  or  tangent  screw.  When  H  is  loose,  the 
two  plates,  G  and  P,  can  be  moved  independently,  but  when  the 
screw  H  is  tightened  they  can  only  be  moved  separately  by 
means  of  the  tangent  screw  I.  Beneath  the  horizontel  plates, 
there  are  two  screws,  k  and  t,  one  of  which,  jI:,  is  a  clamping 
screw  and  the  other  a  tangent  screw.  When  the  screw  k  is  loose, 
the  whole  of  the  uppei  part  of  the  theodolito  above  the  screw 
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can  be  rotated  in  either  direction,  in  which  case  the  horizontal 
circle  moves  upon  the  doable  conical  axis  upon  which  it  resta. 
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On  t^htcnin;;  the  screw  it,  the  upper  part  can  be  moved  onl^  by 
means  of  the  tangent  screw  i.  Two  screws  refer  to  the  vertical 
circle,  a  clamping  screw  and  a  tangent  screw  d.  When  the 
clamping  screw  is  loose,  the  vertical  circle  can  be  moved  freely ; 
but  when  it  is  tightened,  the  circle  can  be  moved  only  by  means 
of  the  tangent  screw  d. 

As  an  aid  to  memory,  the  screws  may  be  divided  into  three 
sets,  each  of  which  coiuista  of  a  clamping  and  a  tangent  screw. 
The  upper  set  belongs  solely  to  the  vertical  circle ;  the  centre 
set,  H,  I,  belongs  to  the  horizontal  circle  F ;  and  the  lower  set, 
it,  t,  refers  to  the  entire  portion  of  the  instrament  above  it. 

The  circular  plates  with  their  accompanying  sockets  are  shown 
in  section  in  Fig.  52,*  which  shows  the  construction  of  a  tranat 
theodoUte  of  comparatively  old  type,  but  one  which  is  still  fairly 
common.  The  upper  plate  carrying  the  compass-box,  etc.,  is 
screwed  fast  to  the  flange  of  the  interior  spindle,  the  lower  plate 
is  fastened  to  the  exterior  socket,  which  in  its  turn  is  fitted  to 
and  turns  in  the  hollow  socket  of  the  levelling  head. 

Ths  telescope  consists  of  two  tubes,  one  sliding  within  the 
other.  The  object  glass  is  achromatic— that  is,  made  of  two 
lenses,  one  of  crown  and  one  of  flint-glass,  the  curvatures  of 
which  are  suitably  combined.  The  object  glass  forms  between 
the  eye-piece  and  its  principal  focus  an  inverted  image  of  the 
object  sighted,  and  the  eye-raeoe,  consisting  of  two  condenung 
lenses,  acts  as  a  magnifying  ^aas,  and  gives  a  virtual  and  highly 
magnified  im^  of  the  inverted  image  thus  obtained.  Some- 
times, especially  in  American  instruments,  the  eye-piece  is  made 
up  of  four  plano-convex  lenses.  An  erect  image  is  thus  obttuned. 
Aji  erecting  eye-piece,  however,  causes  a  considerable  loss  of 
hght,  and  is,  therefore,  not  to  be  recommended.  It  requires 
but  Httle  practice  to  get  accustomed  to  the  use  of  an  inverting 
eye-piece,  and  the  brilliancy  with  which  objects  appear,  owing 
to  the  amount  of  light  gained  by  dispensing  with  two  lenses,  is 
very  marked  in  comparison  with  the  results  obtained  with  an 
erecting  eye-pece  of  the  same  power.  The  telescope  may  be 
focussed  by  moving  the  inner  tube  by  a  rack  and  pinion  turned 
by  the  milled  head,  b  (Fig.  50). 

The  rays  proceeding  from  the  object-glass  form  a  cone  of  Ught. 
In  order  to  get  a  Uae  from  the  point  of  the  cone  straight  through 
the  optical  centre  of  the  object-glass,  and  on,  without  deviation, 
to  thefobject  examined,  recourse  must  be  had  to  the  device  of 
coUimatwn.  The  coUimator  of  a  theodohte  telescope  is  a  circular 
*  Adapted  trom  Stanley'!  "  Surveying  Instrumenta." 


nGoogle 


TUB  THEODOUTE. 


129 


brass  diaphragm,  -mth  a  hole  about  half  an  inch  in  diameter  in 
its  centre,  its  constiuction  being  shown  in  Fig.  63.  It  is  fur- 
nished with  line  cross- wires,  and  is  set  in  the  tube  of  the  telescope 
near  the  eyepiece,  being  held  in  positiota  by  four  capstan  screws 
known  as  collimating  screws.  The  line  joining  the  intersect  on 
of  the  cross-wires  and  the  optical  centre  of  the  object-glaM  forms 


K9.63. 

the  line  of  ught  ol  the  telescope,  and  the  col  imating  screws  permit 
of  the  adjustment  of  this  line.  The  adjustment  of  the  line  of  sight 
is  of  the  highest  importance,  and  will  be  dealt  with  fully  at  a 
later  st^e. 

The  system  of  cross-wires,  which  is  sometimes  spoken  of  as 
the  reticule,  may  take  the  form  of  spider-webs  01  very  fine  platinum 
wires  stretched  across  the  aperture  in  the  diaphragm.  Beticules 
consisting  of  fine  lines  marked  on  thin  glass  discs  are  also  employed, 
and  are  meeting  with  much  favour,  more  especially  since  the 
method  of  producing  the  hnes  by  photography  has  been  intro- 
duced.   Then  ^un,  the  use  of  points  instead  of  Unes  has  long 


Fig.  M.  Fig.  6S.  Fig,  60.  Fig.  87. 

been  favoured  by  some  instrUment-makers.  The  advantt^e  of 
the  latter  form  of  reticule  is  that  the  object  sighted  is  not  obscured. 
The  usual  form  of  reticule  adopted  in  this  country  is  showniu 
f^g.  63,  the  horizontal  line  being  used  when  vertical  angles  are 
beii^  read.  A  number  of  other  forms  are  shown  in  Figs.  54  to 
67.   Fig.  64  shows  a  form  of  reticule  largely  adopted  in  American 
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iiutniments.  Figs.  55  and  56  ahow  the  forms  suggested  in  a 
paper  by  ProfesBor  L.  H.  Cooke,  and  to  which  subsequent  refer- 
ence vill  be  made  [see  p,  139).  The  former  of  these  being  used 
when  the  spider-web  iotm  is  adopted,  and  the  latter  when  the 
reticule  ia  drawn  on  glass.  Id  these  forms  the  outer  pairs  of 
hoiizontal  lines  are  only  used  when  distances  are  being  measured 
by  means  of  the  telescope.  Fig.  67  shows  a  point  reticule  such  as 
has  been  nsed  by  Messrs.  W.  F.  Stanley  &  Co.,  Ltd.,  for  many 
years.  The  points  are  made  of  an  alloy  of  platinum  and  iridium, 
which  is  considered  to  be  incapable  of  corronoD  under  any 
ordinary  atmospheric  conditions. 

Hagnedc-Needle  Attachmait.~-The  theodolite  is  essentially  an 
instrument  for  making  surveys  independently  of  the  magnetic- 
needle,  but  for  the  purposes  of  <;onelating  surveys,  especially 
underground,  it  is  highly  dedrable  that  a  magnetic-needle  should 
be  provided,  so  that  the  m^netic-bearing  of  at  least  one  line 
of  a  survey  can  be  measured.  Until  comparatively  recently  a 
compass-box,  similar  to  that  Tised  in  the  miner's  dial,  was  gener- 
ally adopted,  being  fitted  between  the  standards  as  shown  in 
Figs.  50  and  62.  Most  modem  instruments,  however,  are  fitted 
with  a  trough  compass,  which  admits  of  the  employment  of  a 
much  longer  needle,  the  movement  of  the  needle  being  restricted 
to  ft  few  d^rees.  This  form  of  compass  is  temporarily  attached 
to  the  theodohte  as  occasion  requiies.  A  full  description  of  this 
and  other  forms  of  magnetic- needles  will  be  found  on  p.  318. 

Hoskold's  Transit  Theodolite.* — This  instrument  is  &  typical 
example  of  a  theodolite  which  was  designed  especially  for  mining 
work,  conforming  to  the  foregdng  description.  A  special  feature 
is  the  arrangement  of  the  upper  plate,  which  is  made  to  project 
over  the  lower  plate  at  the  points  where  the  upright  supports 
are  attached,  so  as  to  enable  a  laiger  compass  to  be  employed. 
Thus,  a  5-inch  circle  will  carry  a  l}-inch  compass ;  whilst  in  an 
ordinary  theodolite  of  the  same  size  a  2^inch  compass  would  be 
used.  The  Hoslcold  theodolite  presents  the  further  advantage 
that  the  compass  is  not  obscured  by  the  appendages  of  the  upper 
plate.  In  order  to  enable  short  sights  to  be  taken,  a  pair  of 
folding  sights,  like  those  of  a  miner's  dial,  are  fixed  to  the  top 
erf  the  telescope.  The  instrument  is  also  provided  with  a  diagon^ 
eye-piece,  wluch  enables  the  telescope  to  be  pointed  vertically 
irithout  any  discomfort  to  the  observer. 

*  Since  this  inBtniment  waa  oiiginally  designed  it  has  undergone  veiy 
conddeiable  altorotions.  See  paper  by  H.  D.  Eoskold,  Trana.  Itut.  Min. 
Eng,,  vol.  xxti. 
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Rg.  S8. — Hoikold'i  mlaei'*  tntDsit  tlieodolltea 

lu  this  theodtdite  and  some  otheTB,  a  secdbd  telescope  ie  som^ 
timea  attached  below  the  hoiizontfd  cicde.  This  is  used  like 
the  outer  pair  of  eights  of  the  KeDderson  dial,  to  detennine 
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wbetber  the  circle  has  been  disturbed  during  the  interval  between 
two  observationSt 

Tribrach  Theodolites. — Tribrach  oi  thne  levelling-ecrew  instru- 
mentB  differ  very  considerably  from  the  four  levelling-screw 
instnimenta,  which  have  so  far  been  detdt  with.  The  levelling 
arrangements  of  the  Everest  theodolite  illustrated  in  Fig.  69 
will  serve  to  show  this,  It  was  designed  by  Captain  Everest, 
and  was  first  made  by  Messrs.  Troughton  k  Simms  in  1838, 
The  parallel  plates  are  replaced  by  two  stages,  each  carrying 
three  diverging  arms  (Fig.  59)  with  a  vertical  levelling  screw 
supporting  the  end  of  each.  Each  screw  baa  a  flange  at  its  lower 
end,  by  means  of  which  it  is  held  down  to  the  plate  forming 


tne  top  of  the  staff  head.  The  ball-and-socket  joint  formed 
between  the  parallel  plates  of  the  four-screw  type  of  instrument 
is  non-existent  in  the  tribrach  forms,  and  the  possibility  of 
straining  the  body-piece  and  vertical  axis,  due  to  excessive 
tightening  of  the  ievelting  screws,  is  eliminated.  Another  advan- 
tage which  under  some  circumstances  may  be  of  considerable 
importance  is  that  the  levelling  of  the  instrument  can  be  performed 
with  one  hand,  whilst  this  operation  with  four  levelling  screws 
requires  both  hands. 

The  Everest  theodolite  was  designed  for  surface  work,  and 
being  unsuited  for  general  mining  work,  the  other  detculs  of  its 
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cttuhuotion  will  not  be  con^deied.  It  haa  been  brooght  to  aoQce 
hero  as  illustrating  an  early  adaption  of  the  three  levellii^-screir 
anangemeDt,  which  is  now  everywhere  rapidly   repiacmg  the 


Fig.  60. — Modem  mining  theodolite. 

four-screw  system.  A  typical  example  of  a  modern  mining 
instrument  of  the  tribrach  form,  as  manufactured  by  Mefisrs 
E.  B.  Watts  &  Son,  is  shown  in  Fig.  60. 
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Quiek  LnelHng  and  Cflntrlng  Heads.  —  In  orier  to  facilitate 
the  setting  up  of  the  tJteodolite,  Taiione  forms  oE  quick-leveUing 
tripod  head  nave  been  introduced,  and  many  of  these  have  been 
incorporated  rvith  a  device  for  accuratelj  centring  the  ii^runient 
above  or  below  a  etation  mark  without  having  to  move  the  1^ 
of  the  tripod,  and  it  may  here  be  aaid  that  some  form  of  centring 
arrangement  is  almost  a  necessity  for  the  carrying  out  of  aorveys 
nadei^eiround  with  the  accuracy  and  lapidity  which  present-day 
practice  demands. 

The  simple  ball-and-socket  joint  whicli  suf&cos  for  the  dial 
does  not  provide  sufficient  rigidity  for  the  much  heavier  theodolite, 
but  some  modifications  of  this  are  quite  effective. 

HoDmaii  Tripod  Head. — In  its  original  form  this  was  simply  a 
device  for  quick-levelling,  but,  as  modified  by  Professor  J.  H. 
Harden,  of  the  University  of  Pennsylvania,  and  as  shown  in  Elg* 


61,  a  centring  device  has  also  been  incorporated.  On  unscrewing 
the  levelling  screws,  the  plate  forming  part  of  the  socket  of  the 
small  ball,  the  centre  of  which  is  the  axis  of  the  instrument 
end  the  point  from  which  the  plummet  is  suspended,  can  be 
moved  in  any  direction  within  the  limits  of  the  inside  opsnin,^ 
of  the  screw  cap.  It  will  be  observed  that  ht^aides  the  small 
ball  and  socket,  there  is  an  extra  and  larger  ball  and  socket 
formed  by  a  part  of  the  plate  to  which  the  instrument  is  fastened, 
and  the  part  to  which  the  levelling  screws  are  attached.  The 
latter  part  always  remains  parallel  to  the  screw  cap  of  the  tripod 
head,  on  which  the  points  of  the  levelling  screws  rest,  so  that 
whatever  position  the  instrument  may  assume  in  relation  to  the 
tripod  hewi,  the  screw  will  always  act  directly  perpendicular  to 
both  plates. 

•  Tmnt.  Amr.  Intl.  Min.  Eng.,  voL  vu.,  p.  308. 
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Under  all  conditions,  the  instrument  moves  upon  a  centre 
conuoon  to  the  two  balls,  this  being  the  point  to  which  the 
plummet  is  attached.  It  is,  therefore,  impossible  for  the  plummet 
not  to  be  peipendicular  to  the  axis  of  the  instrument. 

The  advantages  claimed  for  the  Hofiman  tripod  head  are  sa 
follows  :— 1.  A  saving  of  one-half  to  two-thiids  of  the  time  usually 
occupied  with  screwing  and  unscrewing  as  in  the  old  plan.  The 
ioatTument  can  be  levelled  approximately  without  the  use  of  the 
screws.  Less  than  half  a  turn  is  then  necessary  to  bring  the 
instrument  to  a  perfect  level,  the  operatioo  at  the  same  time 
clamping  it.  2.  The  levelling  screws  are  at  all  times  perpendi- 
cular to  the  plate  to  which  they  are  attached,  and  to  the  plate 
and  screw  cap  on  which  they  rest.  3.  The  levelling  screws  are 
reduced  in  length,  and  their  duty  to  a  minimum,  the  instrument 
being  no  higher  nor  heavier  than  before.  4.  The  shifting  head 
tor  plumbing  over  a  fixed  point — an  improvement  coiumon  to  all 
fiiBt-claas  instruments — ^is  retained,  and  no  extra  screws  are 
required  to  clamp  the  instrument.  6.  The  levelling  screws  are 
covered  from  dust,  and  at  the  same  time  are  no  o&truction  to 
the  workiiig  of  the  instrument  in  any  position  in  which  it  can 
be  i^ced. 

Numerous  other  attempts  have  been  made  to  apply  the  ball- 
and-sodcet  motion  for  levelling  theodolites  rapidly,  and  several 
American  devices  of  this  kind  have  proved  very  auccessfuL 
Thus,  Messrs.  W,  k  L.  E.  Guiley,  of  Troy,  have  patented  a 
quick-levelling  tripod,  somewhat  similar  in  principle  to  that  0( 
Hoffman.  The  spherical  surfaces  are,  in  this  case,  concave,  and 
the  fnction  of  iLhese  surfaces  may  be  increased  or  diminished  at 
will  by  means  of  spizal  springs.  Messrs.  C.  L.  Be^er  &  Sons, 
of  Boston,  furnish  their  theodolites  with  s  quick-levelling  attach- 
ment, which  does  not  form  part  of  the  instrument  proper,  but 
consists  of  a  coupling,  with  a  ball-and-socket  joint,  which  can  be 
screwed  between  the  instrument  and  the  tripod. 

In  the  HoSman  head  as  described  the  locking  of  the  joint  is 
brought  about  by  the  levelling  screws  themselves,  and  hence 
it  is  only  suitable  for  four  levelling-screw  instruments.  Various 
modifications  have  been  introduced  to  render  it  applicable  to 
tribrach  instruments  by  proviiUng  means  for  clamping  the 
joint  independently  of  the  levelling  screws. 

A  very  neat  device  for  quick  levelling  is  sapplied  by  Messrs. 
Bausch  &  Lomb,  of  Rochester,  N.Y.  It  is  ^own  in  F%.  62, 
and  consists  of  two  circular  we^e-shaped  discs  that  are  interposed 
between  the  leveiling  screws  and  the  tripod  head.    By  slightly 
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looaeiuog  the  levelUng  acrews  and  then  turning  the  upper  disc 
around  on  the  lower  one,  a  rapid  diminution  of  an  original  in- 
dinatioa  takes  place.  The  principle  of  the  shifting  centre  can 
be  retained  in  this  device. 

Several  forms  of  centrii^;  device  actii^  quite  independently 
of  the  levelliiif^  arrangements  are  on  the  market ;  they  have 
been  mainly  designed  for  use  with  tribrach  instioments,  and 
present  the  advantage  that  the  final  centrii^  can  be  performed 
after  levelling,  thus  enabling  tile  centring  to  be  carried  out  with 
the  greatest  accuracy. 

One  such  form  of  centring  head  is  that  deogned  by  Messrs. 
W.  F.  Stanley  &  Co.,  Ltd.,  and  is  shown  in  Fig.  63,  which  is 
taken  from  Stanley's  Survey  ng  InHmmenia.  As  will  be  seen,  it 
consists  of  a  mechanical  st^e,  which  permits  of  two  motions  at 
right  angles.    The  range  is  from  |  inch  to  1  inch. 


Pig.  «2.  Fig.  63. 

Another  very  convenient  form  supplied  by  Messrs.  F,  Bobson  & 
Co.,  of  XewcasUe-on-Tyne,  is  shown  in  Fig.  64.  Tbia,  again,  is 
a  mechanical  Bti%e,  which  permits  of  lateral  motion,  but  in  one 
direction  only.  The  circular  portion  carrying  the  ^de  is  com- 
posite, and  permits  of  a  circular  motion,  which  enables  the  instru- 
ment to  be  rotated  to  such  a  position  that  it  can  theu  be  accur- 
ately centred  by  simply  turning  the  leading  screw  of  the  mechanical 
stage.  Two  clamps  are  provided,  one  for  checking  the  circular 
movement  of  the  composite  plate,  and  the  other  for  locking  the 
mechanical  stage.    The  range  of  centring  is  about  |  of  an  inch. 

A  centring  device  that  admits  of  a  much  wider  ran^e  of  move- 
ment than  any  of  those  mentioned  so  far  has  been  invented  by 
Professor  L.  H.  Cooke.  It  is  fitted  to  the  instrument  shown  in 
Fig.  60.    The  upper  portion  of  the  tribrach  stage  carries  a  thick 
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metal  ring,  wbich  b  kept  hi  podtioD  by  tvo  pairs  of  horizoutally- 
opposed  screws,  and  also  by  means  ot  lugs  cast  on  the  boss-piece 
01  tbe  theodolite,  which  can  be  clamped  by  means  of  the  centre 
clamping  sorew,  the  latter  being  provided  with  deep  indentations 
on  its  edge.  When  this  screw  is  loosened,  coarse  centring  can  be 
carried  out  by  hand,  the  lugs  slidii^  on  the  circular  rii^  during 
this  operation.  The  final  centrkig  can  then  be  performed  with 
great  accuracy  by  means  of  the  two  pairs  of  opposing  screws. 
When  the  centring  operation  has  been  satisfactorily  performed 
the  centre  screw  is  t^htened.  The  range  of  movement  with 
this  device  is  2J  inches. 


Fig.  64. 


Am^can  TheodoHles. — In  America,  the  miner's  dial  is  very 
rarely  used  for  mine-surveys.  In  all  important  work,  the  transit- 
theoddite  is  alone  used.  This  instrument  is  known  in  America 
OS  the  transit.  The  name  theodolite  is  reserved  for  the  Y-instru- 
ment  in  which  the  telescope  cannot  be  revolved  on  its  horizontal 
axis.  The  transit  instrument  which  has  no  vertical  circle  and 
no  spirit-level  attached  to  its  telescope  is  called  the  plain  transit. 

Fig.  65  shows  a  theodolite  of  American  type  as  manufactured 
by  Messrs.  John  Davis  fc  Son. 

The  limit  of  this  work  will  not  allow  ot  any  detailed  account 
of  the  special  features  of  theodolite  design  in  different  countries, 
but  it  should  be  borne  in  mind  that  instiumenta  of  great 
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wlien  tlie  three  legs  come  tc^ether  they  form  a  more  or  leaa  cylin- 
drical-shaped staff  very  convenieDt  :Eor  carrying  about.  Framed 
tripods  of  a  telescopic  pattern  are  now  supsrseding  the  solid 
tj'pea,  and  for  undeiground  work  in  metal  mines  and  for  surface 
work  in  rough,  mountainous  country  are  very  much  to  be  pre- 
ferred. The  l^s  of  the  telescopic  tripoda  consist  usually  of  a 
substantial  shank  of  circular  section,  sliifing  between  two  suitably- 
shaped  pieces,  which  are  held  together  by  metal  bands  and  pro- 
vided with  clamping  screwB  for  retaining  the  shank  in  any  desired 
poaitiou.  The  joint  connecting  each  leg  of  the  tripod  to  the 
head-jnece  requires  to  be  »ery  carefully  made,  and  provision 
must  be  made  for  keepii^  this  sufficiently  tight  to  eliminate  all 
side  play,  as  the  rigidity  of  t&e  whole  tripod  depends  in  a  great 
measure  on  this. 

For  many  years  framed  tripoda  have  been  used  for  theodolites 
larger  than  the  6-inch  instruments.  These  are  of  non-telescopio 
dengn  and  very  substantially  built,  the  head-piece  consisting 
of  a  heavy  metal  casting  of  triangular  shape  designed  to  admit 
of  a  very  wide  joint  for  each  of  the  legs. 

Tflmporary  Adjustonents  of  the  Theodolite.— These  are  adjust- 
ments which  are  required  every  time  the  instniment  is  used,  and 
comprise  the  centring  and  levelling-up  at  the  station  and  the 
adjustment  of  the  eye-piece  of  the  telescope  to  eliminate  parallax. 

CMltring  and  LevellUig-iip. — Before  any  angular  reacUi^s  are 
taken,  the  instrument  must  be  set  exactly  over  or  under  the 
Dtation  mark  at  which  the  observation  is  taken,  and  be  truly 
levelled  by  means  of  the  attached  spirit-levels.  For  the  purpose 
of  centring  under  an  overhead  station  mark,  the  centre  of  the 
instrument  must  be  aocurat«ly  marked  on  the  telescope.  This 
should  be  done  by  the  makers,  and  the  pop-mark  uauaUy  found 
on  the  telescope  of  mining  theodolites  coincides  with  the  verticil 
centre  of  the  instrument  when  the  telescojK  is  fevei,  and  accurate 
centring  under  an  overhead  mark  is  only  possible  after  the  instru- 
ment is  levelled  up.  For  centring  over  stations  marked  on  the 
ground  a  central  hook,  chain,  or  eyelet  hole,  from  which  a  plummet 
can  be  suspended,  is  fitted  to  the  base  of  the  instrument.  For 
present  purposes  the  pioceduie  adopted  for  centring  over  a  station 
mark  wUl  be  conmdered.  A  plummet  weighing  from  4  to  6  ounces 
is  attached  to  a  piece  of  string  and  suspended  from  the  centre  of 
the  instrument.  The  legs  of  the  tripod  are  spread  out,  and  the 
mstrument  set  as  nearly  as  possible  over  the  mark.  The  height 
of  the  plummet  must  be  adjusted  by  looping  the  string  so  that 
the  plummet  is  just  clear  of  the  mark.     The  centring  is  now 
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carried  out  by  mampulating  the  legs  of  the  tripod  until  the  point 
of  the  plummet  coincides  approximately  with  the  centre  of  the 
station  mark. 

The  accuracy  with  which  centring  should  be  carried  out  in 
ordinary  work  depends  mtunly  on  the  length  of  the  lines  on  either 
Edde  of  the  station,  and  for  general  purposes  it  may  be  said  that, 
where  the  shortest  line  involved  is  not  less  than  100  feet  in  length, 
centring  to  within  -^  inch  is  sufficiently  accurate.  For  specially 
accurate  work,  ana  where  very  short  lines  are  involved,  the 
centring  must  be  very  much  more  precise,  and  the  employment 
of  one  or  other  of  the  special  centring  devices  becomes  necessary. 
In  triangulation,  where,  as  a  role,  tae  lines  are  several  hundred 
feet  long,  an  error  of  centring  even  up  to  J  an  inch  produces  no 
appreciable  error  in  the  measurement  of  an  angle  as  ordinarily 
carried  out.* 

MThilst  manipulating  the  Ie^b  of  the  tripod  during  the  centrii^ 
operation,  attention  rfiould  also  be  paid  to  the  plate  levels,  in 
order  to  reduce  the  subsequent  work  with  the  levelling  screws  to 
a  mininium;  and  a  fact  well  worth  bearing  in  mind  is  that  a 
confdderable  difference  in  the  level  of  the  plates  can  be  brought 
about  without  affecting  the  centring  to  any  great  extent  by 
liftii^  one  of  the  legs  just  off  the  ground  and  turning  it  so  that 
the  shoe  moves  in  a  direction  approximately  parallel  to  the  line 
formed  by  the  other  two  shoes.  Before  the  final  levelling-up 
is  carried  out,  it  is  advisable  to  see  that  the  tripod  is  quite  firm, 
and  that  there  is  no  liability  for  any  movement  of  the  shoes  to 
take  place  during  subsequent  operations. 

The  instrument  has  now  to  be  levelled  by  means  of  the  levelling 
screws,  and  the  method  of  doing  this  varies  somewhat  accordii^ 
to  whether  the  instrument  is  of  the  foui-screw  or  tribrach  type. 
Taking  the  foimer  case  first,  the  body-clamp  of  the  theodolite 
is  loosened  and  the  limb  turned  untJl  the  plate  apirit-levek  are 
each  parallel  with  opposite  pairs  of  the  levelling  screws,  as  shown 
in  Hg.  66.  The  screws  are  now  turned  in  pairs — e.g.,  1  and  3 
are  turned  simultaneously  in  tike  direction  shown  by  the  arrows, 
or  if  this  sends  the  tur-bubbles  of  the  level  A  further  from  the 
centre,  they  are  turned  simultaneously  in  the  reverse  direction. 
When  the  bubble  of  this  level  has  been  brought  to  the  centre  of 
its  run,  screws  2  and  i  are  dealt  with  until  the  bubble  of  the 
level  B  is  central.  The  adjusting  of  the  second  level  usually 
disturbs  the  first  level  slightly,  and  necessitates  a  fresh  adjustment 

*  See  ThA  E/leeti  of  Error*  in  Suri-tyiitg,  by  H.  Brigga,  H.So.,  pnblidied . 
by  Charies  Qriffin  t  Co.,  Ltd. 
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by  means  of  the  correqtODdiiu;  screwH.  AasumiiK;  that  tbe  plate 
levels  are  in  adjustment,  it  should  sot  be  possible  to  turn  the 
plates  through  a  complete  revolution  without  the  bubbles  being 
distuibed. 

The  tightness  of  the  levelling  screw  of  a  four-screw  isBtrument 
is  a  matter  of  considerable  importance,  and  before  starting  to 
perform  the  actual  levelling  with  the  screws,  it  is  advisable 
to  turn  each  screw  separately  until  the  feet  of  all  the  screws  are 
Mmultaneoualy  in  contact  with  the  lower  parallel  plate.  Care 
must  be  taken  that  each  of  the  screws  are  turned  an  equal  amount 
when  these  are  being  dealt  with  in  pairs,  and  all  the  time  a  sli^jht 
grip  should  be  felt.  This  grip  must  not  be  excessive,  otherwise 
it  generally  means  that  a  strain  is  being  imposed  on  the  vertical 
axis  of  the  instrument. 

The  poution  of  the  plate  leveb  with  reference  to  the  levelling 


Fig.  66. 


Rg.  660. 


screws  whilst  levelling  a  tribrach  instrument  is  shown  in  Fi^. 
66a.  In  this  case  the  screws  2  and  3  are  turned  in  the  direction 
shown,  or  both  in  the  reverse  direction,  until  the  bubble  of  the 
spirit-level  B  is  in  the  centre  of  its  run.  The  screw  1  is  then 
turned  by  itself  until  the  bubble  of  the  level  A  is  central.  It  i» 
quite  feasible,  although  the  operation  cannot  be  performed  with 
quite  equal  rapidity,  to  bring  the  bubble  of  the  level  B  to  the 
centre,  by  turning  the  screws  2  and  3  one  at  a  time,  this  enables 
the  levelling  to  be  carried  out  by  using  only  one  hand. 

In  measuring  horizontal  angles  between  lines  on  fairly  level 
l^ound,  it  is  found  that  very  precise  levelling  of  the  instrumen'i 
IS  not  necessary,  but  where  the  lines  are  steeply  incUned,  the 
leveUing  is  of  much  greater  importance.  Vertical  angles  are 
measured  generally  with  two  objects  in  view,  the  first  being  to 
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been  set  to  zero,  it  lemaiiia  in  that  position  until  tbe  levelling 
haa  been  satisfactorily  perfonned.  The  movements  that  are 
otherwise  performed  with  the  tangent  screws  are  made  with 
the  two  opposing  screws.  On  instruments  not  provided  with 
the  opposing  screws,  it  may  be  found  that  when  the  levelling 
has  been  peiformed  with  the  telescope  level,  the  mo  of  ths 
vernier  does  not  coincide  exactly  with  that  of  the  graduations 
of  the  vertical  circle,  and  the  discrepancy,  which  ia  known  as  the 
index  error,  must  be  noted,  and  the  vertical  angles  taken  must 
be  corrected  accordingly. 

PinlluL — When  the  image  of  the  object  viewed,  formed  by 
the  object  glass,  either  falls  short  of  or  beyond  the  place  of  the 
cross-wires,  an  error  arises,  which  is  cal'ed  par^iax.  Its  existence 
may  be  detected  by  moving  the  head  from  aide  to  sde  when 
looking  through  the  telescope,  observing  whether  the  ima^ 
appears  to  move.  To  correct  this  error,  the  eye-pieoe  must  first 
be  adjusted  by  means  of  the  movable  eye-piece  tube,  until  the 
cross-wires  are  seen  clearly  defined.  Then  direct  the  telescope 
to  some  distant  object,  and  by  means  of  the  miUad-head  screw 
b  (Big.  50),  at  the  side  of  the  telescope,  move  the  inner  tube  in 
or  out  until  the  proper  focus  is  obtained.  When  disr^arded, 
parallax  may  give  rise  to  serious  error. 

Pwinanent  Adjustmenls.--In  addition  to  the  temporary  adjust- 
ments  described  above,  there  are  certain  permanent  adjustments 
which  should  be  tested  from  time  to  time,  but  which  in  a  i^lt- 
made  theodolite  subject  to  careful  treatment  seldom  require 
correction.  In  testing  adjustmeata,  extra  care  must  be  taken  in 
levelling  up  the  instrument,  which  should  for  this  purpose  be 
set  up  on  very  firm  ground.  Careful  attention  should  be  paid 
to  the  tripod  to  see  that  it  is  quite  ri^id,  and  in  this  connection 
it  may  be  remarked  that  want  of  rigidity  is  very  often  due  to  the 
jfants  connecting  the  legs  to  the  head  having  worked  loose ;  means 
are  generaUy  provided  for  tightening  up  these  joints.  When  the 
legs  have  been  extended  and  the  sho-is  firmly  bedded  in  the 
ground,  before  attaching  the  instrument  itself  the  tripod  head 
should  be  firmly  grasped  with  both  hands  and  an  attempt  made 
to  twist  it  round.  This  should  be  impos^ble,  even  to  a  slight 
extent,  and  ii  any  movement  is  felt  the  joints  must  be  tightened 
Qp.  The  screws  connecting  the  joints  to  the  timber  of  the  1^ 
themselves  sometimes  exhibit  a  tendency  to  come  loose  and  cause 
«  want  of  ngidity. 

When  adjustments  requiring  telescopic  observations  are  being 
terted,  the  operations  should  preferaUy  be  carried  out  on  ground 
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observatioiL  This  wiB  b«  Apparent  from  Figs.  67  and  68,  which 
tepresent  the  conditions  prevailing  when  a  very  exa^erated 
case  is  considered.  Id  F^.  67,  BC  .represents  the  position  of  the 
axis  when  the  first  observation  of  the  stafE  is  made  at  A.  On 
reversing  the  axis  the  line  of  collimation  is  directed  towards 
A',  as  shown  in  Fig.  68.  From  the  position  of  the  perpendicular, 
with  which  the  line  of  collimation  should  coincide,  it  is  evident 
that  the  angle  AOA'  is  twice  the  angle  AOP,  which  represents 
the  collimation  error.  To  correct  the  adjustment,  turn  the  pair 
at  horizontal  coUimatiDg  screws  attached  to  the  diaphragm,  nntil 
the  croBs-wiies  intersect  the  scale  on  the  stofi  at  a  point  midway 
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between  the  two  readings  obtained.  To  teat  whether  the  adjust- 
ment has  been  correctly  made,  reverse  the  ads  in  its  beanngs. 
The  reading  of  the  stafi  should  remain  the  same. 

It  is  not  always  possible  or  at  any  rate  convenient  to  reverse 
the  horizontal  axis  in  its  bearings  in  the  manner  described  above, 
and  moreover  it  is  not  an  easy  matter  under  any  circumstances 
to  perform  the  operation  without  otherwise  disturbing  the  instru- 
ment, and  it  will  generally  be  found  preferable  to  test  and  make 
the  adjustment  in  the  following  manner : — Set  up  the  instrument 
as  before,  and  bring  the  cross-wires  to  bisect  a  well-defined  object 
at  about  the  same  distance  as  the  levelling  ataf  used  in  the  first 
method.    It  will  be  found  that  a  steel  arrow  pushed  twice  through 
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a  piece  of  wUte  paper  and  then  into  the  ground  forms  a  very 
satisfactory  mark  for  this  purpose.  The  telescope  is  then  transited 
and  the  reading  on  a  levelling  staff  laid  along  the  ground  as  in 
the  first  method  ia  observed.  The  distance  of  the  staff  should 
be  about  the  same  distance  as  the  arrow  from  the  instrument, 
only,  of  course,  on  the  other  side.  During  this  operation  the  plate 
clamps  are  kept  tight.  The  vernier-plate  clamp  is  now  loosened, 
and  the  plate  tnmed  through  a  half -re  volution  and  again  clamped, 
the  cross-wires  are  now  made  to  bisect  the  arrow  again  by  the  aid 
of  the  vernier-plate  tangent  screw.  The  telescope  is  once  again 
trandted,  and  the  reading  of  the  cross-wires  on  the  leveUing  staff 
observed  again.  If  the  adjustment  for  collimation  is  correct, 
the  first  and  second  readings  should  be  identical.  If  they  an 
not,  the  difieienee  between  them  represents  four  times  the  colli- 
mation error  for  the  distance.  This  will  be  apparent  from  Fig.  69, 
in  which  BC  represents  the  position  of  the  horizontal  axis  on  the 
first  tdghting  of  the  object  at  A,  which  represente  the  position 
of  the  arrow.  On  transiting  the  telescope  the  first  time,  the  Une 
of  c<^mation  is  directed  towards  A',  which  representa  the  first 
reading  of  the  levelling  stafi.  When  the  telescope  is  directed 
towards  the  arrow  again  by  turning  the  vernier-plate  the  axis 
occupies  the  position  B'C  On  transiting  the  second  time  the 
line  of  colhmation  is  directed  towards  A",  which  represents  die 
second  reading  of  the  staiL 

The  adjuBtment  is  corrected  by  eliminatii^  one  quarter  of  the 
diSerence  between  the  ataff-readmgs  by  means  of  the  collimatii^ 
screws.  It  can  then  be  tested  by  bringing  the  cross-wires  to 
bisect  the  mean  of  the  extreme  readings  by  means  of  the  vernier 
tai^ent  screw,  when,  on  again  transiting  and  sighting  the  arrow, 
the  latter  should  be  bisected  by  the  cross-wires. 

In  the  Y-theodohte,  the  Une  of  collimation  is  adjusted  by 
bringing  the  intersection  of  the  cross-wires  upon  some  well- 
defined  distant  object.  The  telescope  is  turned  round  on  its 
collars  in  the  Y's  until  the  level  is  uppermost.  Then,  if  the 
cross-wires  do  not  continue  to  coincide  with  the  object,  half  the 
difference  must  be  corrected  by  moving  the  cioss-wires,  and 
the  other  half  by  moving  the  tangent  screw  of  the  homontal 
circle. 

Hoiiamlal  Axis  Ad}ustmrat.— -The  horizontal  axis  must  be 
at  right  angles  to  the  vertical  axis.  In  some  inatrumenta  it  ia 
not  possible  for  the  surveyor  to  effect  this  adjustment,  which  is 
made  once  for  all  by  the  makers.  This  is  the  cose  with  all  Y 
theodolites,  and  with  many  of  the  earlier  types  of  transit  iii8tm> 


n  Google 


148  MTNE-SURTEftHa, 

mont.  In  most  modern  iaBtnitnents  ol  the  transit  tTpe,  howAver, 
provision  is  made  for  raising  or  lowering  ona  of  the  bearings  ol 
the  horizontal  axis.  In  some  cases  one  of  the  bearings  oon^iats 
of  a  block  of  metal  Bliding  in  grooves  cut  in  the  standard,  its 
pontaon  boii^  determined  by  a  capstan  screw  which  permits 
of  the  necessary  adjustment.  In  other  cases  a  vertical  slot  la 
cut  in  the  standard  from  the  point  of  the  v  beaiiog.  The  width 
of  the  slot  is  regulated  by  a  screw  let  sideways  into  the  standard. 
When  the  width  of  the  slot  is  altered  the  V  beanng  opens  or  closes 
slightly,  the  effect  being  to  lower  or  raise  the  end  of  the  axis 
wbich  fits  into  it. 

The  adjustment  can  be  tested  in  various  ways.  One  method 
is  by  means  of  a  plummet  having  a  lon^  suspension.  After  the 
instrument  has  been  carefully  levelled  up  and  adjusted  for 
paraUaz,  the  cross-wires  are  made  to  bisect  the  plumb  line  at 
a  considerable  elevation,  the  telescope  is  tiien  revolved  verti- 
cally, and  if  the  cross-wires  follow  the  plumb-line  in  its  mean 
position  for  a  vertical  angle  of,  say,  40°,  the  hMKontal  axis 
may  be  conddered  as  being  in  adjustment.  The  difficulty  with 
this  method  is  keeping  the  plumb-line  steady  ;  it  is  practically 
impossible  to  carry  out  the  operation  out  of  doors,  but  if  a 
lofty  room  with  a  very  firm  floor  is  available,  the  method 
becomes  practicable. 

A  more  satisfactory  way  of  testing  the  adjustment  is  the 
following  : — A  surveyor's  scale,  having,  say,  60  divisions  to  the 
inch,  is  fixed  on  the  wooden  frame  of  a  window  in  a  fairly  high 
building.  Vertically  below  this  a  piece  of  white  paper  with  a 
fine  vertical  line  drawn  on  it  is  fixed  at  about  the  height  of  tha 
telescope  when  the  theodolite  is  set  up.  The  setting  up  is  made 
at  such  a  distance  that  an  angle  of  about  40°  is  subtended  by  tha 
scale  and  the  fixed  mark  below  it.  After  very  carefully  levelling 
the  instnunent  by  means  of  the  telescope  level,  the  line  on  the 
paper  is  accurately  bisected  with  the  cross-wires,  the  telescope  is 
then  revolved  vertically,  and  the  intersection  of  the  cross-wires  on 
the  scale  la  noted.  The  vernier  plate  is  then  turned  through 
half  a  revolution  and  the  telescope  is  transited,  the  line  on  the 
paper  is  again  sighted,  and  then  after  revolving  the  telescope 
the  reading  of  the  scale  is  observed.  If  the  latter  is  the  same  in 
both  cases  the  axis  is  in  adjustment,  if  the  readings  do  not  agree 
the  diSerence  represents  twice  the  error  in  the  adjustment.  To 
correct  it,  the  cross-wires  are  made  to  bisect  the  scale  at  the 
mean  of  the  two  readings,  by  turning  the  adjusting  screw  of 
ithe  axis.    If  the  adjustment  has  been  correctly  performed,  on 
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terolving  the  teleecope  the  cross-wires  should  bisect  the  Une  on 
the  paper. 

The  adjustment  of  the  horizontal  axia  can  also  be  tested  by 
a  striding  level.  This  consists  of  a  very  sensitive  level  mounted 
on  two  long  supports,  which  have  slots  cut  in  them  corresponding 
to  the  cylindrical  portions  of  the  horizontal  axis,  and  enable  the 
level  to  be  mounted  on  the  axis  in  the  form  of  a  bridge.  With 
th's  instrument,  if  it  is  known  to  be  in  adjustment,  the  testing 
of  the  horizontal  axis  is  a  very  simple  matter.  After  carefully 
levelling  the  theodolite  by  means  of  the  telescope  level,  the 
striding  level  is  placed  in  position  and  brought  parallel  to  a  pair 
of  the  foot-levelling  screws  by  turning  the  vernier-plate.  As  the 
striding  level  is,  as  a  rule,  more  sensitive  than  the  telescope  level, 
it  will  usually  be  found  that,  even  if  the  axis  is  in  adjustment, 
the  position  of  the  bubble  will  require  slightly  adjusting  with 
the  foot  screws.  The  vernier-plate  is  now  turned  through  half  a 
revolution,  thereby  reversing  the  position  of  the  level  and  of  the 
horizontal  axis  with  reference  to  the  foot-screws.  If  the  bubble 
does  not  come  to  rest  at  the  centre  of  the  tube,  the  axis  is  out  of 
adjustment.  Correct  by  eliminating  half  the  deviation  of  the 
bubble  by  means  of  the  adjusting  screw  for  tha  horizontal  axis. 
To  test  whether  the  adjustment  has  been  correctly  made,  eliminate 
the  other  half  of  the  deviation  of  the  bubble  by  means  of  the 
foot-screws,  and  on  turning  the  vernier  plate  back  to  its  former 
position  the  bubble  should  remain  stationary. 

The  adjustment  of  the  striding  level  itself  may  be  tested  as 
follows : — After  pUcing  it  in  position  on  the  axis  and  adjusting 
the  bubble  to  its  centre  by  the  foot-screws,  lift  the  striding  level 
ofi  the  axis  and  replace  after  reversing  it  end  for  end.  If  it  is  in 
adj  iistment  the  bubble  will  come  to  rest  at  the  centre  of  the  tube  ; 
if  the  bubble  deviates  the  level  may  be  adjusted  by  eliminating 
half  the  deviation  by  means  of  the  adjusting  screw  on  the  level, 
which  is  arranged  to  raise  or  lower  one  end  of  the  tube.  To  test 
the  adjustment,  remove  the  other  half  of  the  deviation  by  means 
of  the  foot-screw  and  reverse  the  level  end  for  end  as  before  by 
lifting  it  from  the  axis :  if  satisfactory,  the  adjustment  of  the 
horizontal  ax's  may  be  proceeded  with  in  the  manner  described 
above. 

General  Remarks  on  Adjustments. — The  making  of  the  per- 
manent adjustments  of  a  theodohte  requires  very  great  delicacy 
in  the  manipulation  of  the  various  parts  involved,  and  should 
only  be  made  when  reaUy  necessary,  ai,  for  instance,  in  the 
event  of  a  diaphragm  being  replaced.    It  will  generally  be  found 
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that  the  operations  required  for  effect  ng  them  have  to  be  repeated 
sereral  tjmes  before  the  adjustmente  are  satufactory,  and  eTeti 
when  made  by  experienced  operators  it  is  practically  impossibls 
to  make  them  perfect,  and  for  precise  work  tiie  methods  described 
later  for  eUminatii^  erron  in  the  adjuBtments  are  always 
adopted. 
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navetsiDS  frith  the  Vernier  DlaL — ^The  manipuUtion  of  the 
vernier  dial  as  legaTds  aettitig  up,  levelling,  and  sighting  is  almost 
the  same  as  the  simple  miner's  dial.  In  fixed-needle  travers- 
ing, however,  each  station  must  be  occupied  by  the  instrument, 
BO  that  the  question  of  centring  conies  into  consideration.  As  a 
role,  there  is  no  shifting  head  provided,  and  the  centring  cannot 
be  carried  out  with  any  great  precisiou,  and  care  most  be  taken 
in  arranging  the  survey  to  avoid  short  hues  wherever  possible, 
'ao  that  the  eSects  of  eiroia  in  centring  are  reduced  to  the  minimum. 
In  surface  work  there  is  usually  little  difficulty  in  avoiding  short 
lines,  but  underground  the  case  is  diderent,  and  the  surveyor 
or  his  assistant  should  always  make  a  preliminary  inspection  of 
the  course  to  be  traversed  before  fixing  his  stations.  These 
may  be  marked  either  on  the  roof  of  the  floor,  and  the  instrument 
must  be  set  accurately  over  or  under  the  station  mark.  If  the 
mark  is  on  the  floor  a  plummet  must  be  suspended  from  the  centre 
of  the  instrument,  and  the  tripod  manipulated  until  the  point  of 
the  plummet  coincides  with  the  mark.  A  station  marked  overhead 
with  a  nail  from  which  a  plummet  can  be  suspended  is  the  most 
satisfactory,  (see  p.  171).  The  length  of  the  string  is  adjusted 
so  that  the  point  of  the  plummet  is  almost  touching  the  glass 
cover  of  the  dial,  and  the  legs  of  the  tripod  are  moved  until  the 
point  of  the  plummet  coincides  with  the  centre  of  the  compass- 
needle.  The  instrument  is  then  levelled  up  by  grasping  the  sides 
of  the  compass-boz  with  both  hands  and  gently  forcing  it  into 
the  required  horizontal  position,  the  motion  taking  place  about 
the  ball-and-socket  joint.  This  operation  may  result  in  the 
displacement  of  the  centre,  and  if  so,  the  tripod  legs  must  be 
manipulated  until  the  centring  and  levelling  are  suffideutlr 
exact.  A  ranging  rod  forms  the  most  satisfactory  sighting  signal 
for  surface  work,  but  undei^round  the  fiame  of  a  candle  or  lamp 
is  used.    The  centring  of  the  signal,  used  for  sighting,  is  quite 
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as  important  as  tliat  of  the  instrunient,  and  if  a  lamp  u  used 
care  must  be  taken  that  the  flame  itself  is  centred.  A  suspended 
safety  lamp  forms  an  ideal  signal  for  fixed-needle  traTcrsing,  as 
the  wick  is  always  central. 

-  lline-Tripod  System. — In  this  system  tripods  are  set  at  each 
of  the  thiee  statdons  involTed  in  measuring  an  angle.  The  instru* 
ment  is  placed  on  the  centre  tiipod  and  lamps  oi  candles  on  thfl 
two  outer  ones.  When  an  observation  has  been  completed,  the 
instrument  is  moved  on  to  the  tripod  which  previou^y  marked 
the  forward  station,  and  the  tripod  which  was  at  the  back  station 
is  moved  to  form  the  new  forward  station.  In  this  system  the 
centring  is  automatic,  and  there  is  no  necessity  to  mark  the 
stations,  iJthough  this  is  sometimes  done  as  a  measnie  of  pre- 
caution. The  system  admits  of  much  greater  rapidity  than  is 
pocaible  in  working  with  a  single  tripod,  and  if  the  tripod  heads 
are  of  suitable  design,  the  accuracy  is 
^S.  greater.    Fig.  70  shows  a  tiipod  head  oi 

^~T  suitable  form,  and  two  brass  cups  gf  the 

€  form  shown  in  the  figure  are  provided  for 

the  reception  of  the  safety  lunps  usually 
employed  as  signals.  The  oupa  should  be 
of  such  a  size  that  the  lamp  fits  accurately 
but  not  t^htly  into  the  rim.  The  dial  is 
connected  to  the  tripod  head  in  the  same 
way  as  the  cups— viz.,  thtoi^k  a  socteb 
in  the  base.  The  cups  are  provided  with 
two  ^irit  levels  set  at  right  angles,  as 
Via.  TO.  shown  in  the  figure,  and  it  is  essential  in 

working  that  the  spindle  of  the  tripods  be 
brought  into  the  vertical  position,  by  means  of  these  levels,  other- 
wise when  the  cup  is  replaced  by  the  dial  the  centre  of  the  latter 
may  not  correspond  to  the  position  of  the  flame  of  the  signal 
flame,  and  serious  eirors  thus  be  introduced. 

Methods  Employed. — The  angular  observations  may  be  made 
in  several  ways,  and  the  angles  read  ofi  with  the  vernier  in  makii^ 
«  given  traverse  vary  in  the  different  methods.  The  alignment 
of  the  sights  can  be  performed  equally  well  from  either  side,  but, 
io  order  to  avoid  confusion,  they  must  be  distinguished  from 
one  another,  and  due  care  taken  that  the  observations  are  made 
in  a  systematic  manner.  For  convenience  the  sights  may  be 
distinguished  as  the  north  and  south  sights  respectively,  and 
in  the  case  of  the  inside  vernier  dial  the  sight  nearest  the  vermex 
may  conveniently  be  termed  the  north  sight,  whilst  in  the  outside 
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olockwiae  diieotion  between  each  ancce§siva  paii  of  lines,  is 
indicated  on  the  traTerse  and  on  the  circle. 

Back-  and  For»^ht  Method.— The  inatrument  is  fint  set  up 
at  station  B.  The  vemier  ia  brought  to  zero  and  clamped,  either 
by  means  of  the  pin  or  the  clamp  provided  for  this  purpose.  The 
clamp  contrdling  the  motion  of  the  dial  as  a  whde,  and  which 
win  be  subsequently  referred  to  as  the  body-clamp,  is  released 
and  the  sighta  turned  on  to  the  line  AB,  the  south  sight  being 
nearest  to  A.  With  the  eye  at  the  north  sight,  the  croas-mrea  are 
brought  to  bisect  the  signal  at  A.  The  body-clamp  is  tightened. 
The  vemier-clamp  is  released  and  the  sights  turned  in  the  direc- 
tion of  the  tine  BC,  the  north  sight  being  nearest  to  C.  The  cross- 
wirea  are  brought  to  bisect  the  signal  at  C,  the  eye  being  at  the 
south  sight  in  this  operation.  The  readii^  of  the  vernier  is  taken 
and  booked.  This  readii^  is  the  angle  B'BG  measnnd  as  indi- 
cated in  Fig.  71.  In  order  to  see  that  no  movement  of  the 
graduated  circle  has  taken  place  whilst  taking  the  fore-«ght,  the 
vemier-clamp  being  still  loose,  the  sights  aie'diiected  back  on 
to  station  A,  the  eye  b«Dg  placed  at  the  north  site  for  this 
jmrpoae.  The  vernier  should  come  to  zero.  If  not,  the  whole 
observation  must  be  repeated.  The  instrument  is  then  set  up  at 
C,  and  with  the  vernier  clamped  at  zero  a  back-aight  ia  taken 
to  B  with  the  body-clamp  loose,*  and  after  tightening  this  a  fore- 
sight is  taken  to  D.  The  vernier  is  read  and  the  angle  booked, 
and  the  check  sight  on  to  B  taken.  The  vernier  angle  read  is 
the  angle  C'CD  in  Fig.  71.  The  instrument  is  then  removed 
to  D,  and  aubseciuently  to  E,  the  angles  at  each  of  these  stations 
being  measured  in  the  same  way.  In  this  method  of  traversing 
the  north  sight  of  the  dial  ia  always  pointing  in  the  direction  in 
which  the  traverse  is  proceeding,  and  the  vernier  is  always  at 
cero  whilst  the  back-aight  ia  being  taken.  The  distance  for  each 
line  ia  measured  as  the  survey  proceeds.  This  should  be  done 
as  soon  as  the  surveyor  has  finished  measuring  the  angle,  and  the 
distance  entered  in  the  notes  before  proceeding  to  the  next  settit^. 
The  notes  ruay  be  entered  as  follows : — 


u^ 

DUUno-. 

VtroluBudlnsi. 

A«u»MA.™.t,. 

474 

o'or 

402 

W48' 

M''48' 

SS3 

294°  45* 

860°  33' 

457 

76=  30' 

448 

loa-ss' 

172°  86' 

nGoogle 


nGoogle 


156  HIN>-8umVITINS. 

the  forward  etatioD  U  aighted.  The  vernier  is  always  at  zero 
when  tbe  etgiO,  to  the  back  station  u  being  taken.  The  notes  of 
the  txaveise  are  as  ftJlows : — > 
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Tbe  assumed  azimuths  are  obtained  thus : — Line  1  being  the 
assumed  meridian  as  before,  the  meridian  angle  of  line  2  is  obtained 
by  adding  the  vernier  angle  between  lines  1  and  2  and  subtracting 
180°,  thus— 

(0°  00'  +  236°  48'J  -  180°  -  58"  48'. 
The  azimuths  of  each  of  the  remaining  lines  can  be  found  as 
follows: — ^Add  the  vernier  angle  between  each  line  and  that 
preceding  it  to  the  azimuth  of  the  latter.  If  tbe  sum  is  less 
than  180°,  add  180°  to  it;  if  the  sum  is  between  180°  and  540°, 
subtract  180°  from  it;  if  the  sum  is  greater  than  540°,  atd/tract 
640°  from  it. 

It  flhould  iLere  be  noted  that  the  addition  or  subtraction  of  180° 
reveisefl  the  direction  of  a,  line. 

Contlniious  Reading  IbQiDd. — In  this  method  azimuths  are 
read  direct  by  the  vernier.  Taking  the  case  of  the  same  traverse 
as  previously  considered,  the  procedure  is  as  follows : — ^The  first 
line  is  again  taken  as  the  meridian  for  the  traverse.  The  dial  is 
set  up  at  B,  and  with  the  vernier  clamped  at  zero  and  the  body- 
clamp  loose,  a  back-sight  is  taken  to  A  and  the  body-clamp  tight- 
ened. The  position  of  the  sights  at  this  juncture  is  indicated  by 
the  firm  lines  in  Fig.  73,  the  zero  of  the  vernier  circle  by  the 
diamond  and  the  vernier  itself  by  the  V  mark.  The  vernier 
damp  is  now  loosened  and  ti  foresight  taken  to  C.  The  position 
of  the  sights  is  now  indicated  by  the  dotted  lines  and  the  vernier 
with  a  V  mark  as  before.  The  reading  of  the  vernier,  as  will  be 
seen  from  the  figure  and  comparing  it  with  Fig.  71,  corresponds 
to  the  assumed  azimuth  of  line  2.  The  vernier  is  clamped  in  this 
position  and  the  dial  is  removed  to  C,  and  with  the  vernier  still 
damped  at  its  last  reading  a  back-sight  is  taken  to  B,  the  body- 
damp  being  loose  until  the  signal  has  been  bisected ;   it  is  then 
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the  vernier.  The  startii^  point  ot  the  survey  must  be  selected 
Ht  a  point  free  from  local  nia$:netic  disturbance.  After  levelling 
up  the  dial,  the  needle  is  set  free  and  the  body  damp  loosened ; 
the  compoBS-boz  is  then  turned  until  the  zero  of  the  compass-rinf; 
coincides  with  the  north  end  of  the  needle  when  the  latter  has 
come  to  rest.  If  the  dial  is  of  the  outside  vernier  type,  it  is  essentaal 
that  the  vernier  should  pievioudy  have  been  set  to  zero  and 
clamped.  The  body-clamp  is  now  tightened  and  the  vernier- 
clamp  loosened,  and  &  foresight  taken  to  the  second  station.  The 
reading  of  the  vernier  represents  the  magnetic  azimuth  of  the 
line.  With  an  outside  vernier  dial  the  leading  of  the  needle  is 
the  same  as  the  vernier  reading ;  with  an  inside  vernier  dial  the 
needle  is  reading  zero  thronghout.  If  the  subsequent  fixed- 
needle  tatvene  is  being  carried  out  by  either  of  the  first  two 
methods  described,  the  vernier  is  brought  back  to  zero,  and  after 
clamping  up  the  needle  the  dial  is  removed  to  the  second  station 
and  the  operations  carried  out  in  accordance  with  the  previous 
desc^ptions.  If  the  continuous-reading  method  is  subsequently 
to  be  followed  the  vernier  is  clamped  at  the  reading  taken  and 
retiuned  in  this  position  until  a  back-sight  has  been  taken  from 
the  second  station  to  the  first,  and  as  will  be  evident  from  the 
previous  description  of  the  continuous-reading  method,  this  will 
bring  the  zero  of  the  graduated  circle  into  the  same  relative 
position  with  r^ard  to  the  magnetic  meridian  as  it  occupied 
at  the  first  station,  and  thus  the  magnetic  azimuths  of  the  re- 
mainder of  the  lines  can  be  measured  without  the  necessity  of 
again  resorting  to  the  use  of  the  needle. 

The  following  notes  represent  the  survey  of  a  portion  of  a  Durham 
colliery  by  the  double  f  oie-sight  method  off  the  magnetic  meridian. 

The  local  minii^  terms  occurring  in  these  survey  notes  have 
the  following  meanings : — A  hard  is  a  passage  driven  across  the 
grain  of  the  coal.  A  headway  is  a  passive  driven  in  the  direction 
of  the  grain  of  the  coal.  A  atmton  is  a  pass^e  between  two 
winnii^  headways.  The  tAtU  is  the  floor  (rf  the  mine.  A  hUeh 
is  a  digfat  dislocation  ot  the  strata,  which  does  not  exceed  the 
height  of  the  seam.  Ridding  is  clearii^  away  a  fall  of  mbbisL 
The /ace  is  the  extT«mily  of  ^e  workings. 

The  distances  are  measured  in  links,  and,  in  order  to  avoid 
confusion,  the  total  distance  is  first  given  in  each  draft.  The 
first  two  angles  were  taken  from  the  mt^netio  meridian.    The 

figures  -^  denote  that  line  No.  3  starts  from  the  distance  30^- 

that  is,  the  end  of  line  No.  L 
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The  angles  taken  in  the  Burroy  given  an  reduced  to  anglca 
from  the  magnetic  meridian  in  the  following  manner : — 

The  Tcmier  angle*  for  lines  I  aod  2  tepreeent  tlie  napeoUTo  magnelio 
atiiiiuths  tor  these  lines. 
Ho.  1  mag.  Mth.,  340°  00'+3rd  auftle  18B°  20' .=  479''  20' 

47B°  20'- 180°  00' = 20S°  W = Ho.  3  maf.  tilh. 
No.8  mag.  aith.,  298°  20'+4th  angle  131°  16'=429°36' 

428°  36'- 180°  00'= 248°  3B'=Ho.  i  mi(.  aith. 
■a.  4,ma|.  aillu,  248°  36'+6th  angle  273°  2r=622= «' 

622°M'-180°00'=342°66'=lla.  6  mac.  aitt. 
8*2°66'+  89°  07' =  432°  03' i 
432''03'~180°00'  =  252°03'  =  Ho.6. 
252°03'+  87°20'  =  33e°23': 
339''23'-180°00'  =  16e°23'  =  Ho.7. 
139°  23'+2C0°  32'=414°  CB' ; 
414°M'-180°00=234°M'  =  Ho.8. 
234°55'+  83°00'  =  327°S8'i 
327°  60'- 180°  00' =  147°  Bfl' =  Mo.  9. 
147°  66'+  94°lB'-a42°10'; 
242°10'-180°00'=  62°lO'=Ho.lO. 

62»10'+26l''16'-813°26'; 
313°26'-180°00'=133°a6'  =  llo.ll. 
I!3°9e'+13r22'=26*°*8'i 
264°48'-180°00'=  84°  48'.  Mo.  12. 
84°  48'+273°  20'=368°  08' ; 
868°08'-180°00'  =  17e°08'  =  Mo.  18. 
178=08'+  86°63'=274°01'; 
274°01'-180°00'=  M°01'=!lo.  14 
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open  to  quosdon  fot  the  teasoos  already  given  (p.  81),  and  in 
tne  case  of  readings  with  the  vernier  they  apply  with  still  more 
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N.  71"67'B. 

78 

intended  to  hole  into  Nether. 
thorpe  ah&ft. 

It  is  not  always  possible  or,  at  any  rate,  convenient  to  etart 
a  traverse  at  a  point  free  from  local  magnetic  disturbance,  and 
in  such  a  case,  if  it  is  desired  to  use  the  magnetic  meridian  as  the 
reference  line,  the  magnetic  azimuth  of  one  or  other  of  the  inter- 
mediate lines  is  measured  and  used  to  determine  the  magnetic 
azimuths  of  the  remaining  lines.  The  survey  is  carried  on  exactly 
as  if  the  first  line  was  to  be  used  as  the  line  of  reference  until  a 
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station  is  reached  where  a  magnetic  azimuth  can  conveniently 
be  measured ;  and  from  thence  forward,  if  the  continuouB-ieadiog 
method  is  being  used,  the  magnetic  azimuths  can  be  read,  or  as 
an  alternative  the  survey  can  be  com[deted  as  it  was  started, 
and  all  the  magnetic  azimuths  determined  afterwards.  The 
for^oii^  notes  represent  a  traverse  made  by  the  continuous- 
leading  method  in  the  manner  described.  The  angles  given  in 
the  column  headed  Assumed  Azimuths  are  the  actual  vernier 
readings.  The  magnetic  azimuths  of  lines  5  and  6  were  measured 
in  addition. 

It  will  be  evident  in  the  above  notes  that  if  the  traverse  had 
been  started  ofi  the  m^netic  azimuth  of  the  first  line,  the  vemiet 
reading  of  line  5  would  have  been  the  correct  magnetic  azimuth. 
As,  however,  the  azimuth  of  Une  1  was  assumed  to  be  zero,  its 
magnetic  azimuth  can  be  found  by  subtracting  the  assumed 
azimuth  of  line  5  from  its  magnetic  azimuth,  thus  : — 

(277°  <W  +  aeO")  -  286°  00*  =  3S1°  09' =  nugnetic  uimuth  of  line  1. 

The  addition  of  the  360°  is  necessary  in  this  case,  as  the  assumed 
azimuth  has  a  larger  numerical  value  than  the  magnetic  azimuth, 
and  it  is  essential  that  the  subtraction  be  made  in  the  way  indi- 
cated, otherwise  the  normal  nu^netic  azimuth  is  not  obtained. 
The  same  result  can  be  obtained  in  the  above  case  from  line  6, 
thus:— 

(283°  or  +  iWn  ~  aw  (W  -  381'  OB'. 

The  magnetic  azimuths  of  the  remaining  lines  of  the  traverse 
are  found  by  adding  that  of  the  first  line  to  the  assumed  azimuth 
of  each  of  the  others. 

Nuioal  Axhsuths  In  Fixed-Needle  Traversing. — In  dealing  so 
far  with  the  methods  of  tiavereing  and  of  calculating  azimuths, 
it  baa  been  assumed  that  the  observations  have  been  taken  with 
a  dial  in  which  the  vernier  dxde  has  been  graduated  in  the  nonnal 
direction  (see  Chapter  IV.),  and  that  the  magnetic  azimuths 
obtained,  whether  assumed  or  magnetic,  are  normal.  As  was 
pointed  out  in  Chapter  IX.,  in  many  vernier  dials  the  vemiet 
readings  are  taken  on  a  circle  graduated  in  a  contra-clockwise 
direction,  such  dials  being  often  spoken  of  as  left-tuaided.  The 
direction  of  graduation  in  no  way  affects  the  method  of  maldng 
the  observations,  but  naturally  the  readings  are  s&scted  and  ttu 
treatment  of  the  vernier  angles  obtained  when  a  dial  of  the  latter 
typa  has  been  employed  has  now  to  be  coosideied.  The  angles 
may  be  treated  acceding  to  the  roles  already  g^ven,  and  the 
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SEimuths  so  obtained  used  for  plotting  tlie  survey  by  meaiu 
of  a  protractor  graduated  in  a  contra- clockwiee  direction  This, 
however,  may  subsequently  cause  confusion  in  comparing  the 
survey  notes  with  those  of  a  survey  of  the  same  couise  made 
with  a  difEerent  type  of  inatrument. 

A  better  method  is  to  convert  all  readings  actually  taken  with 
the  vernii^r  into  readings  that  would  have  been  obtained  on  a 
normally  graduated  circle.  This  is  done  by  subtracting  each 
veruicr  reading  from  360°.  The  converted  readings  are  sub- 
stituted for  the  observed  readings  in  following  out  the  rules 
previoudy  given  for  determining  azimuths.  This  method  of 
dealing  with  the  readings  applies  to  a  traverse  made  by  any  of 
the  methods  described,  whether  made  ofi  an  assumed  meridian 
or  the  magnetic  meridian. 

In  the  case  of  traverses  made  by  the  double  fore-sight  and  the 
back-  and  fore-mght  methods,  normal  ajdmnths  are  obtained  if, 
instead  of  summing  the  azimuths  and  vertuer  angles,  the  latter 
are  mAtracted  from  the  former.  Teking  the  traverse  used  as  an 
exrtm|de  of  the  double  fore-eight  method  given  on  p.  166,  if  the 
angles  had  been  read  on  a  circle  graduated  in  a  contra-clockwise 
direction,  the  notes  would  have  been  as  follows  ^— 


liDH. 

DiBtiDca. 

v™,.„u,^„ 

AunmM]  AiimiiUi. 

Llnki. 

474 

O-OO' 

462 

124"  12' 

56°  48' 

253 

245=  16' 

104=30' 

448 

73°  27' 

17!°  36' 

f  hi8  asimuths  recorded,  which  m  normal,  are  obtained  thus  ^- 

(380' -h  0°   -  124"  12')  -  180"  =  68"  48' 
<a60°  -h  66"  48'  -  246"  16')  -|-  180°  =  360"  33' 

(350°  33' -  104°  30')  -  180°  =  86"  03' 
(360°  -I-  86"  03'  -  73°  27')  -  180"  =  172"  3d' 

In  calculating  the  azimuths  of  lines  2,  3,  and  6,  the  assumed 
azimuths  of  lines  1,  2,  and  1  being  less  than  the  vernier  angles 
from  which  they  have  to  be  subtracted  respectively,  require  the 
addition  of  360°  to  each,  aij  shown. 
Heaaurlng  Vertical  Angles  with  tbe  V«mier  OtoL— The  veoier 
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Bt  the  fiiitheBt  conveDicnt  points  inbye,  from  which  to  start  the 
later  Burreys.  If  the  eniveya  aie  being  made  on  a  magnetic  basis, 
S  Bingle  mark  will  serve  from  which  to  atart  the  extension  survey, 
but  if  any  other  I'.ne  of  reference  is  being  used,  then  two  marks 
at  least  most  be  left  from  which  to  establish  the  direction.  In 
the  latter  case  they  may  conveniently  be  at  the  two  ends  of  one 
line  of  the  traverse,  the  azimuth  of  this  being  )uiown  from  the 
first  survey.  It  can  be  used  ae  the  basis  of  the  extension  survey. 
The  two  permaneiit  marks  may  be  at  widely  separated  stations 
in  the  traverse,  and  made  to  form  the  starting  and  closing  points 
respectively  of  the  extension  survey.  In  collieries  where  the  move- 
ments of  the  ttrata  are  often  such  that  the  direction  given  by 
two  marlra  on  one  line  cannot  be  relied  on  after  the  lapee  of 
a  very  short  time,  luless  the  line  is  very  long,  the  second 
method  of  marking  the  two  points  is  advisable,  but  it  involves  a 
considerable  amount  of  extra  work  in  calculating  the  azimuths. 
The  diiEcul^  in  connection  with  the  marking  of  directions  of  lines 
from  which  to  extend  fixed-needle  surveys  is  probably  one  of  the 
principal  reasons  why  the  magnetic  meridian,  the  use  of  which 
has  many  obvious  drawbacks,  is  used  to  such  a  great  extent  in 
colliery  work.  In  metal-mining  there  is  usually  no  dilEculty  of  this 
nature,  and  surveys  can  be  continued  from  even  comparatively 
short  lines  if  the  marks  have  originally  been  put  in  with  eufficieob 
accuracy. 

.  Gheddiig  01  TraverH  Suneys. — A  traverse  survey  should 
always  be  made  in  such  a  way  that  a  check  on  the  observation 
as  a  whole  is  available  apart  from  any  check  obtained  by  dujdi- 
oating  the  several  operations  involved. 

Ck»iilg  the  Tnvetse.~The  most  satisfactory  check  is  obtained 
if  the  lines  are  arranged  to  form  a  complete  circuit,  the  starting 
and  finishing  points  baing  identical  A  traverse  can  always  be 
closed,  although  sometimes  it  may  mean  returning  aloi^  the 
same  roads,  aind  usually  in  the  latter  case  the  position  of  the 
stations  can  be  slightly  varied  so  that  the  surveyor  will  not  bo 
biassed  by  the  results  obtained  on  his  outward  journey. 

On  plotting  a  closed  traverse,  if  the  starting  and  finishing 
points  coincide  it  may  reasonably  be  considered  that  all  the 
measurements  involved,  whether  of  distances  or  directions,  are 
correct.  The  possibility  of  compensating  errors  existing  must, 
however,  not  be  lost  sight  of,  and  when  the  importance  of  the 
survey  warrants  such  a  proceeding,  it  should  be  repeated  oven 
if  it  is  proved  to  close  correctly.  The  failure  of  a  traverse  to  close 
may  in  some  of  tiie  methods  of  plotting  be  due  to  emns  in  the 
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In  the  case  of  the  contmnous-reading  method,  in  starting  ths 
Burvsy  the  azimuth  ol  the  first  line  must  be  known  or  assumed, 
and  tJie  vernier  clamped  at  the  correspoodii^  reading,  before  the 
first  back-sight  is  b^en.  If  at  the  end  of  the  survey  the  fiist 
station  be  occupied  and  the  azimuth  of  the  first  line  measured 
by  an  otservation  involving  the  last  line,  it  should  agree  with 
the  azimuth  with  which  the  traverse  was  started,  provided  the 
manipulation  of  the  instrument  has  been  correct  throughout. 
Such  an  agreement  does  not  constitute  a  check  on  the  readings 
entered  for  the  intermediate  azimuths,  and,  as  a  matter  of  fact, 
it  is  impossible  to  obtain  a  satisfactory  check  on  the  angles, 
which  is  indcpsndent  of  the  distances,  and  in  the  event  of  a 
closing  error  being  revealed  which  is  outside  the  permissible 
limits,  there  is  no  aJteniative  to  repeating  tha  entire  survey. 

CbeeklDg  of  Open  Traverses. — If  the  traverse  is  not  closed  no 
compete  check  on  the  observations  as  a  whole  is  available.  The 
ai^iilar  work  can  be  checked  if  the  azimuths  of  the  first  and  last 
lines  can  be  measured  direct.  At  the  surface  it  is  possible  to 
measure  the  true  azimuths  of  both  these  lines  by  astronomical 
observations,  or  the  magnetic  azimuths  can  both  be  observed, 
but  underground  the  measurement  of  the  fonner  la  out  of  the 
question.  In  addition  to  measuring  the  azimuths,  the  angles 
between  each  successive  pair  of  lines  must  be  measured  inde- 
pendently. Thus,  in  travoreing  with  either  the  double  fore-sight 
or  the  back-  and  fore-sight  methods,  if  the  m^netic  azimuths  are 
measured  by  means  of  the  needle,  starting  with  the  obscrvsd 
azimuth  of  the  first  line  and  successively  calculating  the  azimuths 
o£  the  remaining  lines,  the  calculated  value  for  the  last  line 
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depends  upon  all  the  vernier  readings,  and  this  should  agree  with 
the  direct  reading  observed. 

In  connection  with  the  continuous  reading  method  carried 
out  ofi  the  magnetic  meridian,  it  has  already  beea  pointed 
out  (p.  163)  that  a  check  on  the  manipulative  work  only  can  be 
obtained  by  using  the  needle  at  intermediate  stations. 

TravtndDK  with  tt»  Theodolite.— There  is  no  diSerence  in  piin- 
dple  between  the  methods  of  traversing  with  a  theodolite  and 
those  employed  with  the  vernier  dial,  and  we  have  only  to  consider 
the  modiflcations  necessitated  by  constructional  diSerences  in  the 
two  instruments. 

Owing  to  superiority  in  design  and  workmanship,  the  theodolite 
is  essentially  an  instrument  oi  considerably  greater  precision  than 
the  dial,  but  in  order  to  take  full  advantc^  of  this  to  increase 
the  accuracy  in  traversing,  all  the  operations  involved  must  be 
carried  out  with  increased  accuracy,  and  the  methods  of  peifomung 
them  to  attain  this  will  now  be  described. 

Cratring  and  LereUing-up.-- These  operations  have  already 
been  described,  but  more  particularly  with  reference  to  setting 


Kg-  74.  Kij.  75. 

a  theodolite  over  a  station  mark  on  the  floor.  In  undeiground 
work  it  is  generally  more  convenient  to  work  from  overhead 
marks.  These  must  be  of  such  a  nature  that  they  permit  of 
centrittg  with  great  accuracy.  A  nail  knocked  into  one  of  the 
timbering  bars,  as  shown  in  Fig.  74,  forms  a  mark  sufficiently 
accurate  unless  the  lines  are  exceptionj^y  short.  Spuds  of 
various  forms  are  very  largely  used  for  marking  stations,  and  the 
form  shown  in  Fig.  75,  which  is  about  half  the  natural  size,  is 
very  convenient,  and  can  be  readily  made  by  flattenii^  out  a 
horse-shoe  nail  and  punching  or  drilling  a  amall  hole  in  the  flat. 
Horse-shoe  nails  being  usually  considerably  longer  than  is  con- 
venient for  spuds,  they  are  usually  cut  short  and  repointed. 
Spnds  may  be  knocked  into  the  timbering  bars  or  in  the  case  of 
this  not  being  convenient,  short  holes  (3  or  4  inches  in  dapth) 
may  be  drilled  into  the  roof  and  the  hole  plugged  with  a  wooden 
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peg  and  the  apud  inserted  in  the  latter.  It  will  genendly  be  found 
most  convenient  to  attach  a  loop  of  string  to  the  mark  and  sus- 
pend the  plummet  from  this,  instead  of  suspending  direct  from, 
the  nail  or  spud ;  this  is  particularly  the  case  when  the  loof  is 
high.  It  is  necessarf  to  adjust  the  height  of  the  plummet  very 
exactly,  and  special  forms  of  buttons  are  supplied  for  this  pur- 
pose, but  some  form  of  hitch  will  generally  be  found  more  con- 
venient for  overhead  stations.  Two  of  these  hitches  are  shown 
in  Fig.  76,  the  one  on  the  right  beii^  a  slip  form.  That  on  the 
left  ie  not  a  slip-hitch,  but  is  very  quicHy  made  and  unmade, 
and  permits  of  very  accurate  Betting.  Either  form  will  support 
the  weight  of  an  ordinary  theodoKte  plummet,  weighing  &om 
1  to  6  ozs.,  but  if  a  much  heavier  plummet  is  used  it  ia  safei  to 
combine  the  two,  making  the  slip-hitch  first  and  the  other  one 

A  A         The  height  of  the  plummet  ie  adjusted 

I  JL     approximateiy    before    the    instrument    is 

'  K     placed    under    the    station    and   adjusted 

accurately  with  the  point  just  dearing  the 

I  I      pop-mark  after  levelling  and  rough- centring. 

^  L  I  a      It   has   been  stated  already  tlwt   tor  fine 

,  r'\         A     centring  some  form  of   shifting   head  is  a 

^        I    necessity,  and  rough-centring  ia  performed 

by   manipulating    the    legs    of    the   tripod 

until  the  range  of   the  centring  device  on 

the   instrument    has    been    attained.     The 

insi^rumeut  is  then  levelled  with  the  plate 

levels,  and  the   telescope   biojght  into  a 

Fig.  76.  horizontal  position  and  the  bubble  of  its 

spirit-level  centred.    The  centring  is  com- 

J)leted  by  moving  the  shifting  head.  If  the  latter  is  above  the 
oot  screiTS,  the  final  centring  does  not  disturb  the  levelling,  but 
otherwise  the  final  levelling  and  centring  may  have  to  be 
repeated  two  or  three  times. 

Signals  Uid  Sighting.— The  signals  used  in  undeiground  work 
may  be  lamps  with  central  wiclffl — e.g.,  safety-lamps,  or  a  plumb- 
line.  For  distances  above,  say,  100  feet  the  flame  of  a  safety- 
lamp  is  quite  suitable,  and  if  the  wick  tube  is  circular,  it  may  be 
safely  used  for  mi^ch  shorter  lines.  Generally  speaking,  for 
short  lines  it  is  advisable  to  sight  a  string  to  which  a  plummet 
is  attached.  The  string  can  be  made  cleariy  visible  by  holding 
a  piece  of  tracing  paper  behind  it  and  a  lamp  behind  the  paper, 
or  a  piece  of  ordinary  paper  may  be  used  and  illuminated  by  a 
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lamp  held  a  little  to  one  side,  but  between  the  string  and  the 
paper,  the  object  being  to  throw  the  string  into  as  great  relief  as 
possible  without  producing  a  shadow  which  might  be  mistaken 
for  the  string  itself. 

If  the  flame  of  a  lamp  is  being  sighted  it  is  necessary  to  illuminate 
the  cross  wires  of  the  telescope,  This  can  be  done  by  holding  a 
lamp  to  one  side  of  the  object-glass  and  slightly  in  front  so 
that  some  light  is  reflected  down  the  tube  of  the  telescope 
through  the  object-glass,  in  such  a  way  that,  at  the  same 
time,  the  object  can  be  sighted  without  hinderance.  For 
iUumJn&ting  the  cross-wires  a  ring  is  sometimes  fitted  on  to 
the  object-end  of  the  telescope.  To  the  ring  is  fixed  at  an 
angle  of  45°  a  piece  of  brass,  silver-plated  on  the  under  side, 
with  an  elliptical  hole  in  the  centre.  The  optical  axis  of  the 
telescope  thus  passes  appiosiniately  through  the  centre  of  the 
hide  in  the  reflector.  Two  forms  of  reflector  are  shown  in  Fig.  77. 
In  one  case  there  is  an  elliptical  hole,  in  the  other  there  is  a  small 
ellipse  of  metal.  A  light  held  near  the  reflecting  surface  illuminates 
the  cross-wires.  Satisfactory  results  can  be  obtained  when  the 
leficctoT  is  made  of  white  cardboard.     A 

small  silver  ball  attached  by  a  wire  also  /T\v  /Ti^tc^ 
answers  well.  For  illuminating  the  cross-  I  (1  1  ^  [  (J  P^^N 
wires  very  little  lipht  is  required.     The    ^jJ  ^-^-z 

elliptical  hole  of  the  one  r^ector  must,  7!g.  77. 

therefore,  not  be  too  small,  nor  the  small 

ellipse  of  the  other  too  ]a]^e.  In  the  theodolites  made  by  Heseis. 
Troughton  and  Simms,  the  cross-wires  are  illuminated  by  means 
of  a  hole  drilled  in  the  supports,  and  a  small  ndrror  placed  at  an 
angle  of  45°,  in  the  axis  of  the  telescope.  The  lic;ht  is  held  near 
the  supports,  instead  of  near  the  object-glass. 

An  explanation  of  some  of  the  terms  used  in  connection  with 
theodolite  observations  will  assist  in  deccribing  the  latter.  Tvmmg 
in  azimvlh  consists  in  rotating  the  limb  together  with  the  vernier 
l&te  and  all  its  attachments,  standards,  telescope,  etc.,  or  in 
rotating  the  vernier  plate  and  the  attachments,  the  limb  re- 
maining  stationary.  Turning  in  altitude  consists  in  turning  the 
telescope,  together  with  the  vertical  circle,  in  a  vertical  plane, 
the  limb  and  vernier  plate  remaining  stationary.  Trantiting  the 
Ulescofe  consists  in  turning  the  telescope  in  a  vertical  plane 
until  it  is  pointing  in  a  direction  opposite  to  a  previous  direction, 
the  limb  and  vernier  plate  remaining  stationary.  The  operation 
of  transiting  is  sometimes  referred  to  as  flungitig  Ae  UUteofe 
and  again  as  turning  the  telescope  thro^iyh. 
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In  taking  k  eight  with  a  telescope  the  instrumont  is  turned  in 
azimuth  until  the  telescope  is  pointing  in  the  direction  of  th« 
signal;  a  rough  alignment  made  hj  elghting  along  the  top  of  the 
telescope  barrel  will  generally  enable  the  signal  to  be  brought 
at  once  into  view  when  the  eye  is  placed  at  the  eye-pieoe  and  the 
telescope  turned  in  altitude.  It  is  brought  approximately  into 
the  centre  of  the  field,  and  the  limb  and  telescope  ore  then  Ijoth 
damped.  The  fine  adjustment  to  make  the  cross-wirea  bisect  the 
signal  accurately  is  performed  by  means  of  the  tangent  screws 
provided  for  the  purpose.  On  the  first  sight  taken  it  will  be  neces- 
sary to  adjust  for  parallax,  but  subsequently  it  should  only  be 
necessary  to  turn  the  milled  head  of  the  focussing  screw  in  c^der 
to  obtain  a  sharp  image  of  the  signal. 

Tireo-Tripod  Sjistom, — This  system  is  also  applied  to  traversing 
with  the  theodolite,  and  where  the  instrument  is  in  general  use 
for  the  underground  work  of  a  mine  a  great  saving  of  time  can  be 
efEected.  The  outfit  required  for  obtaining  nnder  all  conditions 
equal  accuracy  to  that  obtainable  when  working  carefully  with  a 
edngle  tripod  is  fairly  expensive,  as  each  tripod  must  be  supplied 
viith  a  head  carrying  levelling  screws  and  spirit-levels,  the  sensi- 
tiveness and  accuracy  of  the  latter  being  equal  to  that  of  the 
plate  levels  ol  the  theodolite.  It  is  not  necessary  or  even  advisable 
to  provide  shiftily  heads  on  all  three  tripods,  oiJy  one  of  the  lattef 
being  so  provided  for  convenicnca  in  setting  up  at  the  starting 
point,  and  also  for  (general  use  when  the  t£ree  tripods  are  not 
beii^  used. 

Measurfng  DIstan..«. — This  port  of  the  work  must  also  be 
carried  out  with  greater  accuracy  than  is  consistent  with  traversii^ 
with  a  dial,  and  the  use  of  a  steel  band  is  advisable.  The  station 
marks  should  be  transferred  to  the  floor  by  means  of  plummets, 
and  if  distances  greater  than  the  length  of  the  band  are  to  be 
measured,  alignment  should  be  made  with  the  telescope  and  each 
length  accurately  marked  on  a  flat  stone  or  on  a  sleeper.  Steel 
bands  of  200  feet  or  two  chains  in  length  and  about  J  inch  in 
width,  are  obtainable,  and  greatly  facilitate  measurements. 
Consideni.bly  longer  bands  are  obtainable  for  surface  work,  but 
the  lengths  given  above  are  not  often  exceeded  for  underground 
work. 

Vertloa]  Angles. — The  theodolite  enables  vertical  angles  to  be 
meaauicd  with  such  accuracy  that  differences  of  level  can  be 
computed  from  them  with  suflicicnt  accuracy  tor  most  purposes 
tot  which  they  are  required,  and  hence  it  is  not  unusual  to  take 
vertical  angles  for  all  the  hnc-i  in  the  traverse,  even  when  the 
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inclinations  aie  too  s^ght  to  aflect  appiecl:ibly  the  dibtancea. 
The  method  of  observing  the  angles  ie  very  much  Che  eame  as 
with  the  vernier  dial,  greater  care,  Itowevet,  being  necessary  in 
the  levelling  o£  the  instniment,  and  the  setting  of  the  signal  to 
the  exact  height  of  the  instrument  niuat  be  very  carefully  per- 
formed. In  the  esse  of  the  theodohte  the  height  for  the  signal 
corresponds  to  that  of  the  horizontal  asis  of  the  instrument,  and 
in  sighting,  the  centre  horizontal  cioss-vire  is  brought  to  bisect 
the  signal. 

Magnetic  Observations.— These  are  practically  always  taken 
with  the  aid  of  the  vernier,  and  if  the  compass  is  oi  the  trough 
pattern  it  is  impossible  to  obtain  readings  otherwise,  and  even 
with  a  round  compass-box  the  reading  of  the  needle  with  any 
d^ree  of  accuracy  is  quite  impossible  in  some  positions  owing 
to  the  standards.  In  observing  the  magnetic  azimuth  of  a  line 
the  instmment  is  set  up  at  the  starting  station,  and  after  centring 
and  levelling,  the  vernier  is  set  to  zero  and  the  needle  is  undamped. 
The  body  damp  is  released  and  the  Instrument  turned  in  azimutii 
until  the  north  end  of  the  needle  coincides  with  the  zero  of  the 
compass-ring,  or  in  the  case  of  the  trouf^h-compass,  with  the  centre 
division  of  the  scale  at  the  north  end  o(  the  box.  The  telescope 
should  now  be  pointing  towarus  the  north.  The  vernier  damp  of 
the  horizontal  circle  is  released,  and  the  instrument  turned  in  azi- 
muth and  the  cross- wires  brought  to  bisect  a  signal  at  the  finishing 
station  of  the  line.  The  readmg  of  the  vernier  now  indicates  the 
magnetic  i.zimuth  of  the  bne.  If  the  magnetic  azimuth  is  being 
observed  from  the  finishing  stAtion  to  the  starting,  the  telescope 
Bhould  be  transited  before  the  observation  is  made,  so  that  it 
points  south,  or  the  vernier  reading  may  be  transposed  by  the 
addition  or  subtraction  of  180°. 

Kethods  ol  Tiaveislng. — Any  method  of  fixed-needle  traversing 
that  can  be  carried  out  with  Uie  vernier  dial  can  also  be  adopted 
with  a  transit  theodolite.  For  ordinary  work  it  is  not  ni.ces3e.ry 
to  read  the  two  verniers,  which  should  be  distinctly  marked  either 
by  letters  or  figures,  and  one  vernier  taken  as  the  standard. 

Double  Fore-sight  Hethod. — This  is  considered  first,  as  being 
the  most  commonly  used  and  the  most  accurate  method,  and  it 
is  also  the  only  one  that  can  be  conveniently  used  ivith  a  plain 
theodolite.  The  first  setting  of  the  instrument  is  made  at  the 
second  station,  unless  the  survey  is  being'  carried  out  oS  the 
magnetic  azimuth.  After  the  centring  and  levelling  have  been 
p-rformtd  the  vernier  is  set  to  zero  and  the  vernier  clamp  left 
tight.    The  body  clamp  is  released,  and  the  instrument  is  turned 
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in  Euimuth  until  the  telescope  is  pointing  towards  the  iirst  station, 
the  body  clamp  is  t^htened,  and  using  the  tat^ent  screw  attached 
to  the  latter,  the  cross- wires  aie  brought  to  bisect  the  signal.  The 
vernier  clamp  is  released  and  the  instrument  turned  in  azimuth 
tmtil  the  telescope  is  pointing  towards  the  third  station,  the 
Temiei  clamp  is  tightened,  and  using  the  tangent  screw  attached 
to  the  latter  clamp,  the  oross-wirps  are  brought  to  bisect  the 
signa].  The  vernier  ia  read  and  booked.  A  check  sight  is  then 
t^n  on  to  the  first  station  by  releasing  the  vernier  clamp, 
turning  in  azimuth,  and  using  the  tangent  screw  attached  to  the 
vernier  cjamp  in  order  to  obtain  the  bisection  oi!  the  signal  with 
the  croee-wires.  This  should  bring  the  vernier  to  zero  if  tbe  mani- 
pulation of  the  instrument  has  been  correct.  Each  of  the  remain- 
ing stations  is  occupied  by  the  instrument,  and  the  procedure  at 
each  is  identical  with  that  described.  It  is  to  be  noted  that  in 
this  method  the  telescope  is  not  transited. 

The  following  is  an  example  of  the  survey  of  a  closed  poison 
by  this  method : — 
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iraotline. 

Back-  and  Fore-sight  Hetbod.— As  in  the  i^evious  method, 
the  instrument  is  set  up  first  at  the  second  station,  and  after 
centring  and  levelling  the  vernier  is  set  to  zero.  The  body 
clamp  being  free,  the  limb  is  turned  until  the  telescope  is 
pointing  towards  the  signal  at  the  first  station,  the  hody  clamp 
IS  tightened,  and  with  the  tangent  screw  attached  to  it,  the 
cross-wires  are  broi^ht  to  bisect  the  signal.  The  vernier  clamp  is 
teleased  and  the  tueacops  is  transited,  the  instrument  is  turned 


,.  Google 


TQCED-NXEDLE  TKATXBSINa.  177 

is  iudmath  until  the  telescope  is  pointing  towards  the  signal 
at  the  third  station,  the  vernier  clamp  ia  t^htened,  and  using 
the  tangent  screw  attached  to  It,  the  cross-wires  are  brought  to 
bisect  the  signal,  the  reading  of  the  vernier  is  taken  and  booked, 
A  check  observation  is  taken  on  to  the  first  station  by  releasing 
the  vernier  clamp,  transiting  the  telescope  and  turning  in  azimuth 
until  the  telescope  is  pointing  towards  the  signal,  and  the  bisection 
obtained  with  the  aid  of  the  tangent  screw  attached  to  the  vernier 
clamp  after  the  latter  has  been  tightened.  The  procedure  at  all 
the  remoinii^  stations  is  identical. 

Caloulatlon  of  Admuths.^The  vernier  angles  obtained  in  the 
above  methods  correspond  exactly  with  those  obtained  in  the 
corresponding  method  with  the  vernier  dial,  as  do  also  the 
methods  of  calculating  thet  aizimuths  (see  pp.  154  and  156). 

Cooliauous-Reading  Method. — ^The  procedure  in  this  method 
only  differs  from  that  in  the  back-  and  fore-sight  method  in  that 
,  it  is  not  usual  to  take  the  check  observation  on  to  the  bock  station, 
and  instead  of  setting  the  vernier  to  zero  before  takii^  the  back- 
B^ht,  the  sighting  is  performed  with  the  vernier  at  the  same 
reading  as  was  obtained  on  the  fore-sight  at  the  previous  statioiL 

This  method,  as  practised  in  the  mines  of  the  Pennsylvania 
Railroad,  has  been  fully  described  by  Mr.  R.  van  A.  Norris.* 
The  surveyii^  party  consists  of  a  theodolite- man,  station-man, 
back-sight,  fore-sight,  and  chain-man,  with  a  fireman  to  attend  to 
the  safety  of  the  party.  Three  tripods  are  used,  but  the  wicka 
of  the  tripod  lamps,  which  were  found  too  large  for  accurate 
sighting,  are  replaced  by  steel  wire  one-sixteenth  of  an  inch  in 
diameter  and  three-eights  of  an  inch  in  height.  The  sights  are 
taken  to  the  bottom  of  this  wire,  and  msasurements  are  taken 
along  the  line  of  sight  with  a  300-foot  steel  tape,  marked  at  every 
Sfoeb 

Continuous  azimuth  angles  are  run,  and  the  entries  in  the  note- 
book consist  of  the  vermer  reading  on  a  continnous  graduation 
.  from  0°  to  360°,  and  the  quadrant  reading  or  course.  A  needle 
reading  is  token  roughly  with  a  view  to  detect  serious  errors.  At 
the  commencement  of  the  survey,  the  vernier  is  set  to  the  course 
of  the  first  line  taken  from  the  notes  of  a  previous  survey.  The 
enoT  in  a  closed  survey  of  fifteen  or  more  lines  is  rarely  found  to 
exceed  three  minutes.  For  levelling  puipoaes,  the  vertical  angles 
are  read  very  carefully,  the  sight-wire  being  so  arranged  that  it 
is  just  0-6  foot  below  the  centre  of  the  instrument.  The  method 
of  hooking  adopted  is  shown  on  the  next  p^e.  The  error  on 
*  SOool  of  Xinu  QuaTitTlf,  vd.  si.,  1890,  p.  328. 
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closing  ttis  survey  is  one  minate.  The  hoiizoQtr.l  distances, 
elevations,  and  vertical  distances  are  calculated  in  the  o£cq  ; 
and  the  column  headed  "  Etafi  "  gives  the  distance  from  the  centre 
ot  the  instrument  to  the  station  in  the  roof.  With  this  method 
of  surveying,  it  is  possible  to  attain  great  speed,  from  forty  to 
fifty  stations  being  coneddered  a  fair  night's  work.  AD  main 
stations  are  plotted  from  calculated  latitudes  and  departures  (see 
ChaptCT  XIII.),  and  the  stations  in  the  workings  are  filled  in  rnth 
the  aid  of  the  protractor. 

EBmlnation  of  Errors  in  AdjustmeDts, — For  preinse  work,  the 
effects  ot  the  errors  in  the  adjustments  of  the  theodolite  must  be 
taken  into  account,  and  it  may  be  said  at  once  that  the  double 
fore-sight  method  has  a  distinct  advantage  over  the  methods 
which  involve  transiting  of  the  telescope,  in  that  when  the  lines 
of  the  traverse  are  all  nearly  honzoutai  and  the  distances  all 
more  or  less  equal,  the  errors  in  the  adjustments  produce  no 
appreciable  errors  in  the  measurements  of  the  horizontal  aisles, 
and  under  any  circumstances  the  efiects  of  the  errors  aro  always 
the  least  in  this  method.  In  .^ny  method  involving  transitit^  of 
the  telescope  an  error  is  introduced  in  the  measurement  of  each 
of  the  hciizontal  ambles,  which,  generaUy  spealdt^,  is  equal  to 
twice  the  error  of  the  adjustment  for  collimation.  The  effcctB 
of  the  errors  in  the  adjustments  can  be  entiuly  eliminated  in 
any  of  the  methods  by  taking,  at  each  station,  two  observations 
of  the  horizontal  angle,  between  each  of  which  the  telescope  is 
reversed  with  r^ard  to  the  horizontal  axis.  The  mean  of  the  two 
observations  is  taken  as  the  value  of  the  angle. 

The  reversal  of  the  telescope  with  regard  to  the  horizontal 
axis  may  be  effected  either  by  removing  the  tslescope  bodily 
from  its  supports  en  the  standards  and  replacing  with  the  ends 
of  the  axis  interchained,  or  the  t«lescope  may  be  transited  and  the 
instrument  turned  in  atdmuth.  One  efiect  of  the  reversal  of  the 
telescope  is  to  change  the  r<.'lative  position  of  the  vertical  circle 
with  reference  to  the  telescope,  the  circle  being  in  one  case  on  the 
right-hand  side  of  the  telescope,  and  in  the  other  on  the  left. 
This  has  given  rise  to  the  expressions  face-right  and  face-l^t  in 
connection  with  theodolite  observations. 

For  important  surveys  it  is  advisable,  even  if  the  instrument 
is  in  good  adjustment,  to  work  by  the  double  fore-sight  method 
and  take  face  right  and  face  left  observations  at  each  station, 
and  to  read  both  vemiera.  The  mean  of  the  four  values  obtained 
for  the  angle  is  used  in  calculatii^  the  azimuths. 

Compaibon  of  tha  ThaodoUto  and  Compais.— In  makii^  a 
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companBon  betveen  these  inBtrumentB,  a.  nnmber  of  conndentiom 
have  to  be  taken  into  ancoimt.  The  principal  difficulties  in  con- 
nection with  the  use  of  the  compasB  arise  from  the  variations 
to  which  the  ni^;netio  meridian  is  liable.  Thus,  the  daily  varia- 
tion of  the  declination  of  the  needle  ia  neariy  10  minutes ;  dia- 
r^atding  the  occasional  irregular  pertorbations  of  the  needle, 
it  is  ob^ous  that  errors  of  10  minutes  oi  more  may  occur  in  the 
period  between  8  a.m.  and  1  p.m.,  when  the  declination  of  the 
needle  passes  from  its  minimum,  to  its  maximum.  With  a  radius 
of  100,  the  chord  of  10'  is  0-29.  Therefore,  from  the  change  in 
the  direction  of  the  needle,  there  will  be  in  a  length  of  100  fathoms 
a  lateral  disjJacement  of  nearly  thiee-tenthe  of  a  fathom. 

The  uncertainty  of  the  leadings  of  the  compass  is  also  a  dis- 
advantage. With  compasses  of  the  ordinary  size,  the  needle 
cannot  be  read  more  accurately  than  to  one-fifth  of  a  degree. 
Thus,  errors  of  one-tenth  of  a  degree,  or  6  minutes,  are  unavoid- 
able. In  a  length  of  100  fathoms,  this  error  in  the  bearing  gives 
a  lateral  error  of  0-174  fathom. 

Magnetic  storms  and  the  influence  of  ferriferous  rock  massee* 
in  the  neighbourhood  may  give  rise  to  considerable  error,  which 
cannot  be  detected  while  the  survey  is  in  progress. 

With  the  theodolite  very  different  results  are  obtained.  With 
a  6-inch  inatrument,  the  horizontal  ai^Ie,  even  without  repeating, 
may  be  determined  accurately  to  30  seconds.  The  ohord  of  this 
angle  being  0-00014fi,  in  a  length  of  100  fathoms,  the  lateral 
error  will  not  ezoeed  0-0145  fathom.  The  accuracy  of  the  theo- 
dolite for  a  single  observation  is  thus  30  times  as  great  as  that  of 
the  compass. 

The  repetition  of  the  angles  not  only  ensures  great  accuracy, 
but  is  also  a  valuable  check  on  the  results.  If,  for  example,  an 
angle  has  been  repeated  four  times,  and  if  the  second,  third,  and 
fourth  observations  give  results  closely  approaching  the  result  of 
the  firat  obeervation  multijdied  by  two,  three,  and  four  respec- 
tively, it  is  evident  there  can  have  been  no  serious  error.  With 
the  compass,  on  the  other  hand,  when  a  bearing  is  read  repeatedly, 
the  conditions  remain  the  same,  and  it  is  quite  possible  to  have 
exactly  the  same  error  each  time. 

In  reading  a  bearing  with  the  compass,  the  instrument  must 
remain  unmoved.  The  surveyor  is,  therefore,  compelled  to  put 
his  eye,  his  head,  and  sometimes  his  whole  body  into  a  particular 
position  with  reference  to  the  instrument.    With  the  theodoht«, 
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however,  tliere  is  no  necesBity  foi  such  inconvenience,  aa  the 
Iioiizontal  circle  may  be  turned  to  any  required  position,  without 
changing  the  angle  indicated  by  the  vernier.  The  results  are, 
therefore,  read  with  far  greater  precision. 

One  very  strong  point  in  favour  of  compass  (loose- needle) 
surveying  is  that  the  errors  in  measuring  directions  are  not 
cumi^tive,  as  in  the  case  of  fixed-needle  traversirg,  where  the 
determination  of  the  successive  aamutha  depends  upon  the 
measurements  of  all  the  preceding  angles,  so  that  when  the 
traverse  involves  a  large  number  of  Hnes,  and  especiaUy  if  these 
are  short,  a  loose-needle  survey  compares  very  &vourably  with 
a  theodolite  survey,  provided  that  local  disturbance  of  the  magnetic 
meridian  can  be  avoided.* 

The  theodolite  of  the  usual  size  has  the  disadvantt^e  of  want 
rf  portability,  its  weight  being  a  great  drawback  to  its  uoe  imder- 
ground.  The  telescope,  too,  cannot  be  used  in  mines  when  the 
air  is  bad  from  powder-smoke. 

*8eo  Egtcte  of  Errors  in  Surveying,  hj  H.  Brigga,  H.80.,  p.  94. 
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CHAPTER  Xn. 

SdBTACB-SuBVKTINO  with  THB  THEODOUnt, 

Method  Employed. — TraverBin^  with  the  theodolite  at  the 
surface  is  very  often  employed  as  a  complete  method  in  con- 
nection with  surveys  of  mine  royalties.  Any  of  the  methods 
described  in  the  prenous  chapter  may  be  employed,  traverseB 
being  nm  along  the  fences,  loads,  ete.,  and  ofEsets  taken  from  the 
traverse  lines.  Horc  accurate  results,  however,  can  be  obtained 
by  tnangulation,  and  this  is  ospedaUy  the  case  in  hilly  districts. 

THangiilaCan. — In  this  method  of  surveying,  a  number  of 
stations  are  established  at  suitable  points  in  the  area  to  be  sur- 
veyed, in  such  a  way  that  when  the  points  are  joined  up  a  net- 
work of  imaginary  triangles  is  formed,  the  outer  lines  of  which 
follow  appiozimately  the  boundary  of  the  area  as  shown  in  the 
example  on  p.  183.  After  measuring  the  length  of  one  side  ot 
one  of  the  triangles  and  the  angles  at  the  comers  of  all  the  tri- 
angles, the  lengtiis  of  all  the  remaining  sides  can  be  computed 
tri^onometrically.  By  this  meana  the  positions  of  controlling 
points  can  be  established  all  over  the  area,  and  the  details  filled 
in  by  measurementd  from  them.  The  detailed  measurements 
are  obtained  by  traversing  and  oSsetting,  or  by  chain-surveying. 
In  this  country,  where  maps  on  a  scale  of  25  inches  to  the  mile 
are  available,  much  of  the  less  important  detail  can  be  filled  in 
from  them. 

Setting  Out  Triangulallon  Stations.— This  portion  of  the  work 
calls  for  considerable  judgment.  They  should  be  chosen  with 
a  view  principally  to  the  formation  of  well-conditioned  triangles, 
the  ideal  form  being  equilateral.  In  practice  it  is  rare  that  even 
an  approach  to  the  equilateral  form  is  possible  for  many  of  the 
triangles,  and  it  is  usually  considered  that  a  triangle  is  well- 
conditioned  if  the  lai^est  angle  is  leas  than  120°  and  the  smallest 
greater  than  30°.  Very  often  triangles,  which  may  be  regarded 
as  exterior  to  the  main  triangulation,  are  fonned  for  the  purpose 
of  embracing  the  boundary,  as  in  the  case  of  the  example  shown 
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in  which  th«  txiangles  to  the  south  of  the  line  ENRTV  and 
in  such  cases  the  form  of  the  triangles  is  less  important  and  the 
limits  mentioned  above  are  sometimes  encroached  upon,  pac- 
ticulariy  as  regards  the  small  angles.  The  stations  should  be 
chosen  as  far  aa  po.^ible  so  that  when  sighting  from  an^  giyer 
station,  the/eef  of  the  signal  poles  imdet  observation  can  be  seen. 
Ettois  due  to  want  of  verticality  of  the  poles  are  thus  avoided. 
This  condition  can  very  often  not  be  fulfilled,  but  it  should 
always  be  the  aim.  In  setting  out  the  stations,  it  ia  a  good  plan 
to  mark  the  usual  height  of  the  theodolite  (when  set  up)  on  each 
of  the  poles  by  means  of  signal  flags,  and  to  make  a  practice 
of  selecting  the  positions  for  the  stations  so  that  from  any  one 
of  them  these  signal  fli^s  can  be  seen  from  the  same  height.  It 
is  occasionally  necessary  to  erect  elevated  signals,  but  for  triangu- 
lation  schemes  on  the  scale  usual  for  mine-surveying  purposes  they 
can  generally  be  avoided. 

No  general  rules  for  the  procedure  in  reconnaisance  work  can 
be  given,  as  very  probably  no  two  surveyors,  if  working  inde- 
pendently, would  adopt  the  same  schsme  for  any  particular 
area.  The  whole  of  the  ground  should  be  carefully  prospected, 
and  any  eminences,  particularly  on  the  lower-lying  ground, 
should  be  examined  as  to  their  suitabibty  for  stations.  A  scheme 
can  then  be  sketched  out  and  the  stations  selected  tentatively, 
but  before  definitely  deciding  on  any  exact  point  for  a  station, 
the  surrounding  stations  must  be  approximately  marked.  A 
pair  of  good  field-glasses  are  almost  indispensable  for  the  work, 
and  it  is  advisable  to  carry  some  pocket  instrument,  such  as  a 
box-sextant  or  a  prismatic  compass,  bo  that  angles  can  be  measured 
approximately  with  a  view  to  keeping  witlun  the  limits  given 
above.  The  stations  may  be  marked  with  stout  pegs  about 
2|  inches  square  by  18  inches  long,  with  a  hole  about  |  inch 
in  diameter  and  about  3  inches  in  depth  drilled  in  the  top  for  the 
reception  of  the  signal  points.  Lengths  of  iron  tubing,  such  as 
gas-piping  of  a  suitable  diameter,  for  the  reception  of  the  poles, 
also  form  suitable  station  marks,  especially  for  soft  ground,  but 
it  is  not  advisable  to  use  them  where  cattle  are  about,  as  the 
poles  are  so  securely  held  that  they  are  liable  to  be  broken  by 
the  cattle  rubbii^  against  them,  instead  of  simjdy  being  pushed 
over  with  practically  no  damage,  as  would  be  the  case  if  they 
wei'e  inserted  in  a  wooden  peg.  When  the  station  marks  iire 
inserted,  they  should  be  driven  in  until  the  tops  are  fiush  with 
the  ground,  and  when  the  survey  has  been  completed  the  marks 
should  be  knocked  in  until  they  are  a  few  inches  below  the  ground. 
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Elo  tliat  they  are  completely  hidden  and  so  preserved  for  use  for 
future  extensions  of  the  survey. 

Ord'nary  ranging  poles  about  6  feet  long  are,  under  ordinary 
atmoepheric  conditionB,  suitable  for  sightiiig  up  to  about  three- 
quarters  of  a  mile,  a  distance  which  is  not  often  exceeded  in  mine- 
Burveyii^.  Signal  fl^s  are  of  great  assistance  in  picking  the  poles 
out  when  sighting,  but  in  exposed  situations  they  have  a  ten- 
dency to  draw  the  poles  out  of  the  vertical,  and  in  such  cases 
flags  placed  on  a  pole  a  few  feet  away  from  the  station  may  be 
used,  the  actual  station  being  marked  with  an  unfl^ged  pole.  - 

Base  Lines. — The  measured  length  from  which  all  the  remaining 
lengths  in  the  triangulstion  are  computed  is  called  the  base  Une, 
and  must  be  determined  with  great  accuracy,  and  usually  the 
principal  consideration  in  choosii^  the  site  for  the  base  line  is 
adaptability  to  accurate  linear  measurement.  The  principal 
requirement  is  an  even  surface,  so  that  a  steel  tape  will  lie  quite 
flat  when  subjected  to  a  moderate  tension.  Though  preferaUe, 
it  is  not  essential  that  the  sicface  be  quite  level,  as  in  the  case  of 
sloping  ground  the  vertical  angle  can  be  measiued  and  the  hori- 
zontal distance  computed. 

The  measurement  is  generally  effected  by  a  steel  tape,  and  for 
this  work  the  graduations  ot  the  tape  should  start  and  finish 
at  some  litlJe  distance  from  the  luuidles.  A  uniform  tennon 
should  be  maintained  throughout  the  measurements ;  the  tension 
at  which  the  graduations  are  correct,  or  the  correction  to  be  api^ed 
for  any  given  tension,  can  be  ascertained  from  the  makers  of  the 
tape.  A  tension  «^  16  to  20  lbs.  will  generally  be  found  anitable. 
The  tape  should  be  compared  with  a  standard  tape  before  starting 
the  measurement,  and  should  be  sent  up  to  the  makers  for  this 
purpose  if  a  iitandard  tape  is  not  otherwise  available.  The  uniform 
tension  desirable  can  be  most  conveniently  applied  by  attochii^ 
a  eprii^  balance  to  one  of  the  handles  of  the  tape  and  pulling 
from  a  ring  on  the  balance  until  the  correct  tension  is  registered. 

In  measuring  i;he  base  line  for  extensive  triangulations,  the 
effect  of  temperature  on  the  lei^^  of  the  tape  should  not  be  lost 
dght  of.  A  steel  tape  made  in  this  country  is  usually  correct  at 
the  average  temperature  (16°  C.  or  60°  F.),  and  if  the  temperature 
at  the  time  of  measurement  differs  considerably  from  this  a 
correction  should  be  applied.  As  giving  an  approximate  idea  of 
the  effects  of  temperature,  it  may  be  stated  that  a  difference  of 
temperature  of  60°  E.  will  cause  a  difference  of  about  I'T  feet 
in  the  me;:surement  m^de  with  a  steel  tape  of  a  line  1  mile  in 
lej^th.    The  variation  Kith  a  tape  made  of  invar  alloy  is  very 
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much  lees,  and  if  such  a  tape  is  available  the  e&ecte  of  temperatuie 
can  usually  be  entirely  disregarded  for  surveys  of  mine  royalties. 

Results  wbich  are  very  consistent  and  suf&ciently  accuiate  for. 
most  parposes  can  be  obtained  by  the  following  procedure  :— The 
theodolite  is  set  up  over  one  of  the  end  stations  on  the  base  line, 
and  a  pole  at  the  fai  station  sighted ;  a  number  of  p^  about 
4  inches  long  by  8  inches  square  are  ranged  out  at  intervals 
slightly  less  than  the  length  of  the  tape.  A  small  wood  screw 
with  the  nick  at  right  angles  to  the  line  is  driven  into  the  centre 
of  each  pM(.  The  exact  cUstances  between  successiTe  pc^  is  then 
measured  by  means  of  the  tape,  using  a  spring  balance  as  already 
<leBcribed.  The  vertical  angle  between  successive  pegs  is  measured 
by  means  of  the  theodolite  and  the  horizontal  equivalent  of  the 
separate  distances  computed;  the  total  length  of  the  base  line 
ia  then  obtained  by  adding  the  separate  corrected  lengths.  The 
temperature  at  the  time  of  measurement  should  be  noted,  and 
a  correction  applied  if  widely  different  from  the  Btandaidisation 
tempeiatnre.* 

The  meMurement  should  be  repeated  with  the  p^  in  the 
same  position  and  again  after  taking  out  the  pegs  and  relining 
-  with  the  intervals  slightly  altered.  Measurements  taken  on  a 
day  when  the  sky  is  overcast  and  the  temperaturo  vanations  are 
slight  usually  agree  within  one  Oi  two  hundredths  of  a  foot  pel 
1,000  feeii. 

If  the  base-line  has  to  be  measured  over  rough  ground  of  such 
a  nature  that  the  tape  cannot  be  kept  free  from  sag  simply  by 
tension,  it  must  be  euppoited  at  inteimediate  points.  This  can 
be  done  by  driving  stakes  of  a  suitable  length  into  ths  ground 
along  the  base-line  and  supporting  the  tape  on  fairly  long  nails 
driven  sideways  into  the  stakes  at  such  a  height  that  they  form 
a  straight  line,  which  need  not  necessarily  be  level,  provided  that 
its  vertical  angle  is  measured.  Tke  centre  of  the  stakes  at  each 
tape  length  muft  be  exactly  in  the  line  and  marked  with  a  fine 
line  or  a  screw  head.  The  intermediate  stakes  are  set  slightly 
to  one  side.  The  intervals  between  the  supporting  stakes  depend 
upon  the  tension  applied,  and  on  the  thickness  and  width  of  the 
tape,  and  can  rarely  exceed  10  feet  without  it  being  necessary  to 
apply  a  correction  for  the  shortening  due  to  sag.f 

Special  apparatus  for  the  measurement  of  baise-lines  can  aho 
be  obtained  from  a  number  <d  instrumsnt- makers.     The  set 

*  The  ooeSioient  of  linear  expuuion  for  eCeel  is  -0000066  per  degree  Fah. 

tSee  mper  b;  Professor  Heurj  Louis,  D.So.,  "On  the  Standsidisaltat 
ol  Steel  Tapes,"  Ttoh*.  IntL  Jftn.  Bng.,  1902;  • 
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comprises  an  accurate  steel  band  usually  made  at  invar  alloy, 
and  tripod  stands  for  supporting  the  band,  and  also  a  means  of 
maintaining  a  suitable  tension.  Tbe  outer  tripods  cany  iuicn> 
scopes  for  setting  and  reading  ofE  the  distances  on  the  tape. 

It  is  not  essential  that  the  base-line  should  form  part  of  the  main 
triangulation,  which  is  arranged  with  a  view  to  fonning  well- 
conditioned  triangles  throughout,  whereas  the  position  of  the 
base-line  is  chosen  principally  with  a  view  to  accuracy  in  linear 
measurement.  It  may  be  connected  by  a  subsidiary  triangulation 
to  the  side  most  convenient,  as  shown  in  the  example  on  p.  183, 
which  represents  a  sketch  of  an  actual  triangulation  carded  out 
on  a  sm^  portion  of  a  metalliferous  mine  royalty  in  the  county 
of  Durham,  The  ground  for  the  base-line  was  perfectly  level 
and  even.  As  will  be  seen,  it  was  connected  to  the  main  triangu- 
lation throi^h  the  triangles  ABE  and  BCE,  which  are  both 
exceptionally  well-conditioned. 

For  the  purpose  of  connecting  a  short  base-line  on  to  the  mun 


-  Fig.  78.  Kg-  79. 

triangulation,  and  at  the  same  time  avoiding  ill-conditioned 
triai^les,  the  base-line  may  be  prolonged  by  ranging  lines  in  con- 
tinuation of  it,  at  one  or  both  ends,  until  a  suitable  length  is 
obtained.  The  lengths  of  the  additional  lines  are  calculated  from 
angular  measurements,  as  follows  : — 

When  the  measured  base,  AB  (Kg.  78),  can  be  conveniently 
extended  in  one  direction  oijy,  towaids  H,  select  a  lateral  station 
point,  C,  and  a  point  B  in  the  line  ranged  in  continuation  of  AB, 
80  that  the  resulting  triangles,  ABC  and  BCE,  shall  be  well-con- 
ditioned, and  if  possible  nearly  equilateral.  Measure  all  the  angles 
of  these  two  triangles,  and  calculat«  the  length  of  the  side  DC, 
and  by  means  of  the  side  BC  and  the  angles  CEB,  BCE,  calculate 
the  length  of  BE.  Check  the  result  by  £;electing  another  lateral 
station,  D,  on  the  opposite  side  of  the  base-line,  and  by  solrij^ 
the  triangles,  ABD,  DBE.    Ihe  length  of  the  line  B£  U  thus 
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oiJculated  from  independent  data.  EH  repreaenta  a  furthei 
prolongation  of  the  base-line,  and  F  and  G  the  lateral  sta^ons, 
which  form  the  triangles,  by  meana  of  which  its  length  is 
catoulated. 

A  comparatively  short  base-line  may  be  connected  with  the 
sides  of  large  triangles,  without  proloi^ng  it  and  without  intco- 
ducing  ill-conditioned  triangles,  by  continually  increaung  the 
sides  of  the  triangle,  as  shown  in  Fig.  79.  AB  is  the  measured 
base-Une,  anil  C  and  D  are  the  nearest  stations.  In  the  triangles 
ABC,  ABD,  all  the  angles  and  the  side  AB  being  known,  the 
other  sides  can  be  readily  calculated.  Then  in  each  of  the  triangles 
DAC  and  ]>BC,  two  sides  and  the  included  angle  being  known, 
the  length  DC  may  ba  calculated  in  a  variety  of  difierent  ways 
which  will  check  each  other.  Taking  DC  as  a  base-line,  choose  a 
pair  of  stations,  £  and  F,  at  opposite  sides  of  the  base,  and  as 
far  from  each  other  as  is  consistent  with  making  CDF  and  CDB 
well-conditioned  triangles.  Proceed  as  before  to  calculate  the 
distance  £F.  This  will  probably  be  sufficiently  long  to  serve 
as  the  side  of  a  pair  of  triai^les.  If  not,  continue  tiie  process 
until  a  distance  sufficiently  long  is  obtained. 

V'SrlQcatioii  Lfaes.—In  order  to  provide  a  check  on  the  work 
of  the  triangulatiou  it  is  usual  to  measure  in  the  field  the  distonoa 
(rf  at  least  one  line  beside  the  base-line ;  a  line  so  measured  is 
called  a  verification  line  or  baje,  and  should  be  selected  on  ground 
suitable  for  linear  measurement,  and  should  occupy  such  a  position 
with  reference  to  the  primary  base-line  that  the  whole  of  the 
angular  measurements  may  be  involved  in  its  com.putBtio>. 
The  measurement  k  carried  out  in  exactly  the  same  way  as  that 
of  the  base-line,  and,  if  possible,  with  equal  accuracy. 

HeasuilDS  the  A]]gln.^The  three  angles  of  each  triangb 
should  be  measured ;  it  is,  of  course,  possible  to  compute  one 
an;;Ie  in  each  triangle  after  measuring  the  other  two,  but  by 
measuring  the  three  aisles  a  direct  check  on  the  measurements 
is  obtained.  In  addition  to  measuring  the  angles  themselves, 
the  ezplementary  angle  should  also  be  read ;  the  latter  otnerva- 
tion  should  be  made  with  the  telescope  in  the  reverse  position 
with  r^ard  to  the  horizontal  axis  to  that  occupied  when  measuring 
the  angle.  In  order  to  avoid  any  confusion,  it  is  advisable  always 
to  measure  aisles  in  a  clockwise  direction.  The  verniers  should 
be  distinguished  from  one  another  by  lettering  or  seme  other 
eonvenient  means,  and  both  verniers  read  for  each  observation. 
In  sighting  the  signals,  these  should  always  be  observed  at  their 
lowest  point,  in  order  to  avoid  errors  due  to  want  of  verticality 
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in  the  signals.  Aa  an  example  of  the  procedure  to  be  followed, 
we  may  take  the  ease  when  the  instrument  is  occupj'ing  station 
c  in  the  example  on  p.  194.  Alter  the  theodolite  has  beea  centred 
and  levelled  up  and  the  eye-piece  of  the  telescope  adjusted  for 
parallax,  the  A  vernier  of  the  horizontal  circle  is  set  exactly 
to  zero,  and  the  reading  of  the  B  vernier  noted ;  this  should  aot 
vary  throughout  the  whole  series  of  observations.  Assuming 
the  vertical  circle  is  on  the  left-hand  side  of  the  teleticope,  for  the 
first  observation  the  latt«r  is  noted  as  being  face  left.  The  body 
clamp  is  loosened  and  the  instrument  turned  in  azimuth  until 
the  signal  at  b  is  approximately  in  the  centre  of  the  field  of  view; 
the  body  clamp  is  tightened,  and  using  the  tangent  screw  attached 
to  it,  the  bisection  oi  the  dgnal  with  tiie  cross-wires  is  made.  The 
signal  should  be  accurately  focussed  before  getting  the  bisection. 
The  vernier  clamp  is  now  released  and  the  instrument  turned  in 
azimuth  until  the  signal  at  g  is  in  the  he'd  of  view;  the  vernier 
clamp  is  tightened,  and  the  bisection  of  the  cross-wires  wfth  the 
signal  made  with  the  aid  of  the  tangent  screw  attached  to  the 
vernier  clamp.  The  verniers  are  read,  and  the  angles  booked. 
As  a  check  on  the  manipulation  of  the  instrument  during  the 
foregoing  operations,  the  vernier  clamp  is  released  and  the  instru- 
ment  turned  io  azimuth  and  the  signal  at  b  again  sighted,  the 
bisection  being  obtained  by  means  of  the  tangent  screw  attached 
tc>  the  vernier  clamp,  the  A  vernier  should  again  read  zero ;  if 
it  does  not,  the  whole  of  the  operations  must  be  repeated.  The 
next  step  is  the  measurement  of  the  corresponding  explementary 
angle.  The  telescope  is  transited,  and  with  the  vernier  A  still 
clamped  at  zero,  the  body  clamp  is  released  and  the  instrument 
turned  in  azimuth  and  the  signal  at  g  bisected,  the  vernier  clamp 
is  released,  and  the  instrument  again  turned  in  azimuth,  and  the 
signal  at  b  bisected ;  the  verniers  now  indicate  the  explementary 
angle,  and  this  is  read  and  booked.  A  check  observation  on  to 
g,  made  by  releasing  the  vernier  rlamp,  turning  in  azimuth  and 
obtaining  the  bisection  with  the  aid  of  the  tangent  screw  attached 
to  the  vernier  clamp,  should  bring  the  A  vernier  back  to  zero. 
The  angle  and  its  explement  should  be  totalled,  and  if  the  sum 
is  360°,  within  a  reasonable  limit  (say  1  or  2  minutes),  the 
measurement  of  the  angles  gee  and  subsequently  eod  can  be 
proceeded  with.  It  is  advisable  to  start  the  observations  for  each 
angle  with  the  instrument  always  in  the  face  left  position  or 
always  in  the  face  right  position. 

The   angles   mny   be    booked    as   shown   in   the   following 
example  :— 


,.  Google 


HINK-II  UKVIfmO. 


H 


1 


i 
1 

i 

N 

s  s 

5 

is 

"S 

h  s 

3 

S    "2 

k 

s  s 

^ 

s 

s 

s  s 

k 

88  Si- 

ri 

1 

1  » 

k 

1 

1 

1  k 

s 

k  k 

1 

s 

s  s 

3 

s 

E 

s  s 

s 

i!  s 

II 

J 

B  S 

s 

k 

t 

h  s 

i 

3     2 

-J 

h 

S    R 

* 

k 

k 

s  S 

s 

R  k 

s 

s 

1 

s 

s  s 

n 

ii 

S 

s  is 

^ 

"S    ^ 

S 

U  i 

a 

i 

s 

i  i 

i 

%  S 

8. 

i 

rf 

i 

1  k 

k 

s 

i 

's  k 

1 

k  k 

^ 

2 

is    B 

3 

a 

s 

2    8 

8 

2    8 

i\ 

S 

s  a 

» 

g 

i 

a  3; 

a 

s  a 

-< 

s 

s  s 

S 

s 

% 

«  g 

s 

k  k 

1 

s 

3    S 

5 

3 

s 

s  s 

s 

s  S 

K 

S    S 

1 

E 

■a 

s  S 

k 

k  S 

pm-joa 

- 

■D      e> 

• 

» 

• 

,   . 

' 

*  s 

■noniB 

« 

- 

• 

• 

o         IS 

- 

.    . 

ojez 

■-^ 

Ol       « 

- 

-<1 

- 

.  . 

' 

«        » 

nGoogle 


SDaPAOK-SDRVEYINO  WITH  THE  THBODOLITB.  191 

la  tbe  above  table  the  zero  station  is  the  one  on  the  left  and 
the  forward  station  the  one  on  the  right  looking  from  the  station 
occupied  by  the  instrument.  Four  yalueB  for  each  angle  can  be 
obtained  from  the  above  leadings.  One  value  ia  given  direct 
in  the  fourth  column,  a  second  value  is  obtained  by  subtracting 
the  zero  reading  of  vernier  B  from  the  readings  in  the  fifth  column, 
a  third  value  is  obtained  by  subtracting  the  readings  in  the  sixth 
column  from  360°,  and  a  fourth  value  by  subtracting  tho  zero 
reading  of  vernier  B  from  the  readings  in  the  seventh  column, 
and  the  residue  so  obtained  from  360°.  The  mean  of  the  (our 
values  is  entered  in  the  last  column.  Thus,  taking  the  readii^ 
obtained  for  the  angle  fa  g  and  its  explement : — 

Ut  value,  38"  11' 30",  ....  36°  11' 30" 
2nd  „  216°10'00"- 17B°68'30",  .  35'11'30" 
3rd     „      360° -324°  47' 30",  .  .     35°  12' 30" 

4th     ,.      360°-(14*°4e'30"-179°68'30"),  35''12'30" 


-     as"  12' 00" 


The  above  method  of  observing  the  angles  is  in  practice  found 
to  be  very  satisfactory ;  a  much  more  usual  method,  however, 
when  a  number  of  angles  have  to  be  measured  from  one  station, 
is  to  measure  successive  angles  round  the  circle,  only  returning 
to  the  zero  station  after  the  set  has  been  completed.  The  included 
angles  between  successive  lines  are  obtained  from  the  difierences 
between  successive  readings.  The  eiplementary  angles  are 
measured  i^fter  returning  to  the  first  station,  by  making  a  round 
of  observations  in  the  reverse  direction — i.e.,  the  station  last 
aghted  for  the  first  round  becomes  the  zero  for  the  second  round. 
The  telescope  is  transited  between  the  two  sets  of  observations. 
As  ^  example,  the  procednre  at  station  c  (Fig.  80)  may  be  taken. 
Station  b  is  the  zero  station,  the  sisals  at  a,  e,  and  d  are  sighted 
sucoesdvely,  and  the  correnranding  readings  of  the  veriuers 
taken.  After  returning  to  b  for  the  chsck  to  zero,  the  telescope 
is  transited,  and  the  A  vernier  still  being  at  zero,  the  sgna)  at  d 
is  sighted,  and  then  successively  those  at  e,  g,  and  b  retumiiiK 
tod  to  make  ths  zero  check.  To  obtain  the  included  angles  and 
the  ezpiements  corresponding  to  each,  the  difference  between 
the  successive  vernier  readings  is  taken  in  the  two  sets  of  obser- 
vations. 

RtitoraQon. — In  this  method  of  observing  angles,  one  or  more 
pairs  of  obaervatione  are  made,  the  zero  position  being  altered 
for  each  pair,  the  telescope  also  being  transited  between  the  taking 
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of  the  observations.  Tbe  nnmbei  of  leiteiatione  depends  upon 
the  importance  of  the  emgles,  and  for  mlne-surveTing  purpoBos 
it  is  very  rarely  that  more  than  two  pairs  aie  observed,  and  as 
a  mattei  of  actual  practice  usually  only  one  pair  is  observed. 
The  magnitude  of  the  angle  thiougli  wluch  the  zero  pomtion  of 
the  veimer  should  be  moved  depends  upon  the  number  of  pairs 
observed ;  thus,  if  one  pair  only  is  obeyed,  the  lespectiTe  zero 
positions  for  first  and  second  observatioas  are  0°  and  90°.  If 
two  pairs  of  observations  are  taken,  the  lespective  positions  for 
the  zeros  in  the  successive  obaervationa  should  be  0%  60°,  60°, 
and  120°.  This  method  of  observation  tends  to  the  eUmination 
of  errors  of  centring  and  graduation. 

The  method  of  reiteratiou  is  very  often  applied  in  taking  a 
round  of  observations,  as  described  above,  the  zero  position  of 
the  venuer  wtibn  taking  the  observations  for  the  explementary 
angles  being  90°. 

BspeQflon. — In  measuring  horizontal  angles,  when  great  accuracy 
is  nquiied,  the  enors  of  graduation  may  be  diminished  by  the 
process  known  as  repeating,  an  operation  invented  by  Tobias 
Mayer,  of  Qiittingen,  in  1752. 

The  mode  of  procedure  is  as  follows : — Determine  the  horizontal 
angle  between  the  points  A  and  B  in  the  usual  way,  the  vernier 
plate  being  damped  at  zero.  Let  the  angular  distence  between 
A  and  B  be  30°  10'.  Now,  leaving  the  vernier  plate  clamped  to 
the  horizontal  circle,  release  the  body  clamp,  and  turn  the 
instrument  back  to  A.  Then  tighten  the  body  clamp,  release 
the  vernier  plate,  and  f^ain  direct  the  telescope  to  B.  In  this 
way  the  reading  will  be  repeated,  b^;inning  at  30°  10'  instead  of 
0°  0'.  Suppose  the  result  now  is  60°  25'.  Repeat  again,  startin,^ 
this  time  from  60°  25',  and  suppose  that  the  tmrd  result  is  90°  40'. 
Dividing  this  result  by  the  number  of  readings,  we  obtai^  as 
mean  result,  30°  13'  20". 

The  operation  may  be  repeated  any  number  of  times,  care 
being  always  taken  to  direct  the  tebscops  towards  A  by  turning 
the  verticd  axis,  and  towards  B  by  turning  the  vernier  plate. 
For  each  complete  revolution  of  the  vernier  plate,  360°  must  be 
allowed.  It  is  advisable  to  repeat  the  operation  with  the  tele- 
scope inverted,  and  to  take  the  mean  of  tl^  two  results  obtained 
widi  the  telescope  n  its  two  positions. 

The  following  is  an  example  of  repetition  :— 

The  horizontal  angular  distance  between  the  two  pcunts  deter- 
mined in  the  usual  way  was  102°  43'.  On  repeating,  the  fcdlowing 
lesolts  were  obtained  :— 
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•.           XMdii«. 

HMIb 

Anfbi. 

(Ver.    I.    51°00'46"1 
tVer.n.  23r00'«"l 

411«00'«" 

102°  45' U" 

iVor.    I.  163°  45' 48"! 
iVta.n.  833°45'«"t 

613"  45' 45" 

]02°4B'09" 

iVw.   L  206°  31' 00") 
(Vw.IL    78°  31' 00") 

OWSl'OO" 

102"  48' 10" 

With  the  t«leBcope  inverted,  the  following  leeulta  wen 
obtained: — 

8o.  of  Bspatltlom.  Budinc^  Itean,  Angla. 

fVer.    I.    51°  00' 16"  I 

*  \„      „    „n,n^,,..,(  411=  00' 15"        10*° 46' 04" 
|Ver.  11.  231''00'15") 

fVor.    L  163°  46' 20") 

*  5n      «   -,o».,..^„f  613°45'25"        102"4C'06'' 
(Vm.  II.  333°  45' 30"  J 

fVer.  L  258°  30"  40")  „  , 

*  1„      X.     ™»^,„  ,  f  «l«°80'86"        102'46'00'' 
iVw.  n.    76°  30' 30") 

Mem -102' 46' 08". 

ClMcks  on  Angular  HeasunomtB. — Since  tlie  connected  stataou 
in  a  tiJ  angulation  foim  a  eeiieB  of  triangles,  and  the  exterior 
sides  of  these  ^ain  form  a  poison  embracing  the  whole  systeni, 
it  is  evident  that  the  obseived  angles  should  conform  to  the  laws 
relating  to  the  geometrical  figures  referred  to.  Thus,  the  som  of 
the  angles  at  the  comers  of  each  triangle  should  total  up  to  160°  ; 
then,  acain,  the  sum.  of  the  included  angles  between  all  the  adjacent 
ndes  of  the  poison  of  n  sides  formed  by  the  exterior  lines  of  the 
triangulation  diould  be  equal  to  nl80°  —  360°.  At  interior 
stations  where  a  complete  round  of  angles  ia  observed  (hub 
Btatdons),  the  stun  of  these  angles  should,  of  course,  be  equal  to 
360°.  Summaries  of  the  mean  angles  should  be  made  and  i^iecked 
in  the  manner  indicated.  The  discrepancies  should  be  snull, 
and  if  distributed  evenly  throughout  the  wh<de  set  of  angles, 
should  not  amount  to  more  than  a  few  seconds  per  angle.  It  is 
advisable  to  distribute  the  errors  so  that  the  angles  do  conform 
in  the  manner  stated  to  the  geometrical  figures  in  which  they 
occur,  but  to  alter  each  angle  by  a  few  seconds  would  unnecessarily 
increase  the  work  of  the  subsequent  computations,  and  would  be 
quite  inconsistent  in  most  cases  with  the  accuracy  of  the  instru- 
ment used  for  measuring  the  angles.  A  satisfactory  plan  for  a, 
triai^ulation  made  with  an  instrument  reading  to  1'  or  30"  is 
to  dutribnte  the  enors  in  suoh  a  way  that  the  final  angles  ara 
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stated  to  not  leas  than  20".  The  more  or  less  exact  Bystems  of 
distributing  erroia,  employed  for  geodetic  eurveya,  would  be 
quite  out  of  place  for  the  relatively  small  tFiangulationa  that  are 
under  considemtion,  and  tor  which  a  system  of  averaging  the 
errors  in  the  most  convenient  way  to  bring  the  summaries  of  the 
aisles  to  the  tJieoreticol  values  is  generally  adopted.  A  diagram 
drawn  Co  scale  by  setting  out  the  observed  angles,  and  on  which 
their  mean  values  are  indicated  greatly  facilitates  the  distri- 
bution of  the  errors,  as  it  does  also  the  subsequent  computation 
of  the  aides  and  the  co-ordinates. 

Compuang  tha  SHts  ol  the  Triangles.— For  the  solution  of  the 
triangles  when  the  base  and  the  three  aisles  are  given,  the 
ordinary  sine  ratio  b  employed — 

sin  A  _8inB  _sinO 
a  b  0   ' 

when,  if  c  represents  the  base, 

_OMn  A_ 
sinC  ' 
or,  utdng  logarithms, 

log  a  =  log  0  -|-  L  sin  A  —  L  sin  C. 
The  sine  of  an  at^le  A  is  equal  to  1  -f-  cosec  A     Instead, 
therefore,  of  subtracting  L.  sin  C,  L.  cosec  C  may  be  added ;  the 
formula  then  is — 

log  a  =  log  «  +  L.  sin  A  +  L.  cosec  C  —  20. 
In  the  survey  of  the  triangles  shown  in  F^.  80,  the  base-line 
of  was  found  on  measuring  to  be  4009-6  links.    The  angles  were 
as  follows :— 
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The  sidea  are  calculated  in  the  foUowiDg  manner : — 
To  find  side  agin  Tnangle  I. 
af  I  ag  =  s\aagf  '.  sin afg 
\Qgag  =  \ogaf  +  'L.  faaafg  —  h.  sin  off/, 
log  4009-5  °>  3  6030902 

+  L.Bm       40°  05'      =         9-8088192 
-  L.  wn      10*°  43'       -  9-e855136 


ag  -  2609-3  lints. 

If  instead  of  subtracting  the  aine  of  the  angle  opposite  to  the 
given  side,  its  cosecant  is  added,  the  result  will  be  as  follows : — 
log  4009-5  =  3'6030002 

+  L.  ain       40°  05'       =  B8088192 

+  L.  ooMO  104°  43'       =         10'014i8e0 


Vvt 

- 

3-4263959 

Tofindside/j/in' 

FriangleL 

ufifg—aiaagf 

:  «n/ag. 

log  40096 
+  L.  Bin       36°  12' 
+  L.cawal04°43' 

2 

3-fl030902 
9-7607483 
10-0144865 

log/? 

3-3T832G0 

fg  -  Z3S9-6 

To  find  side  a  6  in  Tiiangle  IL 


To  find  side  6  ^  in  Triangle  IL 

log  a  IT  -  3-4203959 

+  L.  Bin       67°  SO'       »  9-9006533 

-I-  L.  oosec   62°  58'       o         10-0978419 

logb?  -  3-4908911 

ig  -  WC6-7 
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In  the  same  way,  the  lengths  of  the  other  sides  will  be  found 
to  be  aa  follows : — 

.Triangle  HI. 
log  &  0  =>  log  b  ;  +  I>  oiii  SS"  49'  +  L.  ooaeo  67°  24'  -  20 

be  =  3666-0  lioki. 
logc;  =  log&9  +  L.dD36''47'  +  I'-(>o*ea0T'24'  — 20 
ef  =  2201-0  links. 

Triangle  IV. 
log  e  «  «  log  E  ff  +  li.  Bin  S*"  42' +  L.  ooeeo  38°  16' -  20 

<!e  =  2071-6  link*, 
log  c  0  =  log  r  0 -(- L.  lin  8SO  03' +  L.  oowo  38°  16' -  20 

e?°3Hl-0  links. 


Triangle  V. 

logei 
log  .Is 

=  log, 
=  log, 

!e  +  L.sin63°01'  +  I... 
«i  =  2631-7  links. 

!  e  +  L.  sin  67°  30'  +  L. . 
(1«  =  2638-0  links. 

Triangle  Vl. 

oowe69°3B' 
ooaeo  ee°  39' 

-20 

-20 

log/if 

=  log. 
=  log. 

!  9  +  L.  sin  63°  33'  +  U  «osm  84°  17' 

e/ =  2863-3  links. 
1 0  +  L.  sin  42°  10'  +  L-  cosoo  84°  17' 

-20 
-20 

logtg 
L.  gin       42"  W       = 

L.0OM0   84°  17'       = 

log  Iff 

3-6402413 
9-8260098 
10-0021663 

3-3783164 

/? 

2880-66  links, 

a  result  piacticalljr  the  same  as  that  obtained  in  the  soktioa 
of  Triangle  I. 

Geodetle  Surveys. — ^Tfae  triangulation-emrvey  of  a  mine  loyal^ 
is  based  on  the  same  principles,  operations,  and  methods  as  are 
adopted  on  the  trigonometrical  surveys  of  countries.  In  the 
latter  surveys,  the  spheroidal  lonn  of  the  earth's  surface  has  to  be 
taken  into  account,  and  the  amoont  cf  aconracy  required  is  much 
greater  than  that  required  for  any  ordinary  topoeiaphical  survey. 
Thus,  on  the  Ordnance  Survey  of  the  United  Kingdom,  the 
average  length  of  the  sides  of  the  Primary  Triangulatioa  was 
36  miles ;  the  longest  cide  was  111  miles.  The  angles  were  tneas- 
nt«d  witii  four  ktge  theodolites,  two  3  feet  in  diameter,  one 
2  feet,  ukd  one  18  iiiohc&    With  the  exception  of  die  theodolite 
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2  feet  ID  diametei,  these  instrumenta  weie  coofitructed  by  Bamsden 
at  the  commeucement  oi  the  trigonometrical  opeiationB  in  England 
in  1798.  They  arc  now  exhibited  in  the  Sonth  KeoBingtou  Museum, 
and  are  still  in  perfect  condition. 

In  order  to  show  how  accurately  the  main  triangolatioD  was 
conducted,  it  may  be  mentioned  that  in  1826,  a  base-line  was 
measured  at  Lough  Foyle,  in  the  north  of  Ireland,  by  means  of 
General  Colby's  compensated  bars,  and  in  1849  the  old  base-line 
on  Salisbury  Plain  was  remeasured  with  the  same  apparatus. 
The  length  of  the  Salisbury  Plain  base  was  6-97  miles,  and  that 
of  the  Lough  ^'oyie  base  7-89  miles.  The  length  of  the  latter 
base  was  ciJculated  by  a  triangulation  carried  from  the  Salisbury 
Plain  base,  and  the  difierence  between  the  calculated  and  measured 
lei^h  of  the  Lough  Foyle  base  was  only  5  inches. 

By  means  of  secondary  triangulation,  the  long  sides  of  the 
principal  triangulation  were  reduced  to  lengths  of  6  miles.  The 
angles  were  measured  with  a  IS-inch  theodolite.  The  stations 
selected  were,  as  far  as  possible,  permanent  objects  such  as 
chureh  towers. 

The  6-mJle  sides  of  the  secondary  triangulation  were  reduced 
by  means  of  the  Parish  triangulation  to  lengths  of  1  mile,  or 
less.  In  towns,  the  points  were  sometimes  within  as  short  a 
distance  as  10  chains.  The  angles  were  measured  with  a  7-inch 
theodolite.  Finally,  the  details  were  filled  in  by  means  of  ordinary 
chun-surreying. 

Defwiniaatfoil  of  T^e  Aziinuths. — It  is  very  often  desirable 
to  determine  the  true  azimuths  of  the  lines  in  a  triangulation- 
Burvey,  and  this  can  be  done  by  astronomicd  observations  from 
one  or  two  lines,  and  from  these  direct  determinatioDS  the  azimuth 
of  any  line  in  the  triangulation  can  be  obtained  by  computation, 
since  all  the  angles  between  the  lines  are  measured.  There  are  a 
number  of  diiTerent  methods  of  determining  the  true  meridian  or 
the  angle  which  any  given  line  makes  with  it,  and  the  following 
are  given  as  being  aufGciently  correct  for  the  purposes  of  mine- 
surveying. 

Method  of  Coirespnidliig  Altitudes.— Thin  may  be  earned  out 
with  any  good  transit  theodolite.  The  instrument  is  set  up  at 
a  station  on  the  line,  the  azimuth  of  which  it  is  desired  to  measure. 
Vernier  A  of  the  theodolite  is  brought  to  zero,  and  the  reading  of 
vernier  B  noted. 

The  limb  is  then  turned  horizontally,  and  the  telescope  moved 
vertically  until  it  is  brought  to  bear  upon  a  fixed  star  of  the 
fiat  01  Hoond  magnitude  several  hours  before  its  oolmiuation. 
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As  soon  aa  the  sUr  pasaes  the  cross-wires  of  the  telescope,  the 
latter  is  clamped,  and  both  the  horizontal  and  vertical  cirdea 
ot  the  instrument  are  read.  The  telescope  is  then  allowed  to 
remain  with  ita  inclination  nnchaoged,  and  after  a  time  the 
star  will  not  be  visible  through  it.  After  it^  culminatioii,  the 
star  will,  in  the  course  of  time,  have  the  same  altitude  that  it 
had  at  the  first  reading.  The  star  is  followed  with  the  telescope, 
and  at  the  instant  it  cToases  the  wires  of  the  latter,  the  horizontal 
drde  is  read  a  second  time. 

Assuming  that  at  the  second  reading  the  telescope  had  the 
aame  inclination  that  it  had  during  the  first  reading,  die  direc- 
tion of  the  meridian  will  be  represented  by  half  the  sum  ot  the 
two  readings  on  the  horizontal  circle.  The  limb  being  turned 
horizontally  until  venuer  A  gives  the  calculated  angle,  the  axis 
of  the  telescope  will  give  the  direction  of  the  meridian.  The 
method  is  based  upon  the  fact  that  a  star  at  equal  altitudes 
above  the  horizon  of  a  place  is  equally  distant  from  the  plane  of 
its  meridian. 

It  is  evident  that  the  accuracy  of  the  result  depends  upon  the 
perfection  of  the  instrument  employed.  The  best  results  are 
idvays  obtained  by  observing  the  star  at  various  altitudes  before 
and  after  its  culmination,  and  by  reading  the  horizontal  circle 
each  time  with  the  telescope  clamped  at  the  corresponding 
dtitude.  Both  veinieis  shoi^d  f^ways  be  read,  and  the  arith- 
metical n[iean  of  the  readings  taken  if  they  are  not  identical. 
The  direction  of  the  meridian  is  thus  obtained  repeatedly,  and 
if  there  is  no  error,  tho  result  will  be  the  same  with  ea-jh  inclina- 
tion oE  the  telescope.  If  the  results  differ  slightly  from  one 
another,  the  mean  must  be  taken ;  with  larger  differences,  the 
observations  must  be  repeated.  As  a  check,  the  observations 
should  be  repeated  on  the  following  night  with  the  telescope 
inverted.  The  result  should  not  differ  from  that  obtained  on  the 
previous  night.  If  ther^  is  a  slight  difference,  the  mean  of  the 
results  of  the  observations  on  the  two  nights  will  give  the  direc- 
tion of  the  meridian. 

Ab  an  example  of  this  method  of  determining  the  meridian, 
some  of  the  obaervations  may  be  given  which  were  made  for 
fixing  the  meridian  for  the  magnetic  observatory  belonging  to 
(he  Ciaustha]  mines.  The  determination  waa  effected  with  an 
ft-inch  theodolite.  The  instrument  was  set  up  on  a  stone  foun- 
dation, and  accurately  levelled.  The  vernier  I.  was  brought  to 
zero,  and  the  portion  of  vernier  II.  noted.  With  the  upper  plate 
clamped  in  this  position,  the  telescope  was  brought  to  bear  on 
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a  eignal  on  the  top  of  the  towei  of  Clausthal  Chumh.    The  fol- 
lowiDg  obseivationB  veie  then  made  with  the  stars  fi  aad  y 

Viiginis : — 


Kndinn  ol  the  Hori«™W  Circla 
OlculKled  from  tbe  Poiftlon 

AngletomedbjtlB 

AlUUds  of  tlie 
SUt. 

Uerldluiaiidtbe 
Direotionof 

ClMuthd  ChurdL 

Balonths 

After  the 

WVirgmiB) 

IS' 20' 

Be-iB'ar' 

196°  22' 05" 

126°  18' 61" 

W4f)' 

68=  16'  12" 

194°  22' 46" 

126° 18' 58" 

81' 00' 

60°  18' 62" 

102° 18' 60" 

126° 18' 61" 

21"  40' 

81"  21' 42" 

161°  15'  20" 

126°  18' 31" 

22°  20' 

62° 26' 57" 

100° 11' 46" 

128° 18' 51" 

(7  Tiigmi.) 

18°  20' 

67='40'32" 

ie4°67'2B" 

126°  18' 68" 

16°  40' 

59°  40' 02" 

192° 67' 55" 

128°  18' 59" 

17°  20' 

60°  41' 47" 

181°  68' 16" 

iaa° 18' 01" 

18°  00- 

61°  43' 57" 

190°  53' 65" 

128°  18'  56" 

18°  W 

62°  47' 07" 

188=  50"  06" 

126°  18'  36" 

The  zero  of  the  horizontal  drde  represented  the  direction  of 
Claiisthal  Church.  The  arithmetical  mean  of  the  results  shows 
that  the  meridian  formed  an  angle  of  126°  13'  61"  with  the 
direction  of  Clausthal  Church.  Observations  made  the  next 
night  gave  exactly  the  same  results.  The  same  number  of 
obBervatioDH  were  mode  on  the  two  following  nighto  with  the 
telescope  inverted.  The  mean  of  ail  the  results  obtained  during 
tbe  four  nights  gave  126°  IS'  49".  It  must  be  noted  that  in 
tiieae  observationa  the  stars  employed  wet«  not  first  sighted 
and  the  angle  of  altitude  then  read.  The  vertical  circle  was 
damped  at  a  given  division,  and  the  star  then  brought  on  to  the 
vertical  wire  of  the  telescope,  and  followed  by  means  of  the  tangetit 
■crew  of  the  upper  plate  until  it  also  passed  the  horizontal  wire. 

If  the  theodolite  is  set  up  on  a  fixed  point,  and  if  the  terrestrial 
object,  the  azim.uth  of  which  is  determined,  is  alao  a  secure  point, 
a  further  markingout  of  the  meridian  is  not  absolutely  ikecessary. 
In  the  preceding  case,  however,  it  was  thought  advisable  to  mark 
out  the  meridian  by  means  of  a  large  square  stone  buried  in  the 
earth  on  a  mountain  in  the  vicinity.  A  hole  drilled  in  this  stone 
accurately  in  the  meridian  served  for  the  reception  (d  a  signal  staff. 
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This  method  may  be  carried  out  in  the  day-time  by  obaer- 
TAtioiu  ol  the  sun  before  and  sft«i  noon.  It  ia  necessary  to  cut 
out  the  bulk  of  the  sun's  lays  when  observiog  with  the  telescope, 
and  this  is  usually  done  by  covering  the  eye-piece  with  a  eptaal 
mountiiig  carrying  a  piece  of  suitable  ^lass.  The  instniment  ia 
set  up  on  one  station  of  the  line,  the  azimuth  of  which  has  to  be 
determined  and  a  signal  pole  placed  at  the  otJier  station.  The 
Tender  A  is  brought  to  seto  and  the  position  of  vernier  B  noted. 
The  horizontal  angle  which  the  sun  makes  wiUi  the  triangulation 
line  is  measured,  and  also  the  vertical  angle  and  the  time  of 
observation.  Operations  should  be  commenced  at,  say,  8  a.m., 
and  observations  taken  every  half-hour  up  to  11  a.m.  At  a  little 
before  the  corresponding  times  after  noon  the  vernier  of  the 
vertical  circle  is  set  to  tne  vertical  angle  taken  in  the  morning, 
and  at  the  moment  the  sun  touches  the  horizontal  cross-wires  the 
horizontal  angle  is  read  and  the  time  again  noted.  As  it  is  not 
feasible  to  obtain  the  inteiaection  of  the  centre  of  the  sun's  disc 


Kg.  8L  Fig.  82. 

with  the  cross-wires,  the  edge  or  limb  of  the  disc  ia  used.  The 
position  of  the  sun  with  relation  to  the  cross-wires  is  shown  in 
the  case  of  two  common  forms  of  reticule  in  Figs.  81  and  82. 
S  represents  the  position  of  the  sun  for  the  oba^vation  before 
noon  and  S*  its  position  after  noon.  In  order  to  eliminate 
colUmation  errors  and  the  error  due  to  the  cross-wires  not  beii^ 
exactly  at  right  angles  in  one  case,  and  the  error  due  to  want  <^ 
ir^mmetry  in  the  other,  a  second  series  of  observations  mads 
with  the  teleacope,  inverted  witii  regard  to  the  horizontal  axis, 
should  be  made,  preferably  on  a  succeeding  day,  or  if  cUmatio 
conditions  prevent  this,  they  should  be  made  aa  soon  as  possible 
after  the  first  series.  S*  and  8*  represent  the  positions  of  the  sun 
in  relation  to  the  cross-wires  for  the  second  set  of  observations, 
respectively  before  and  after  noon.  The  bookings  should  be 
entered  in  exactly  the  same  way  as  those  shown  on  p.  199,  except 
for  the  addition  of  the  time  of  observation. 
Unless  the  observations  are  made  at  the  time  of  the  solsticct 
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(June  21  and  December  22],  a  correction  has  to  be  applied  to  the 
determination  of  the  meridian  by  the  foregoing  method.  This 
is  neoeeeaiy  on  account  of  the  change  in  the  Eun'a  declination 
between  the  times  of  the  corresponding  observations  before  and 
after  noon.  The  data  for  making  the  necessaiy  correction  arc 
tile  latitude  of  the  place  of  observation,  the  rate  of  change  of 
declination  of  the  son  and  the  interval  of  time  between  the  corre- 
sponding obserrations.  The  latitude  may  be  ascertained  from  a 
map  or  from  observation,  the  change  in  declination  is  taken 
from  the  Nautical  Almanadi  or  Whitfakef's  Almanack.  The 
correction  is  made  as  follows  :— Let  A  be  the  true  angle  that  the 
Sim  makes  with  the  meridian  at  the  time  of  the  observation 
before  noon.  A'  be  the  true  angle  that  the  sun  makes  with  the 
meridian  at  the  conesponding  time  of  observation  after  noon. 
Let  D  be  the  variation  in  declination  between  the  obeeri'ations, 
and  let  t  be  half  the  diSerence  in  time  expressed  as  an  angle, 

then  A  —  A'  = t,-    . -.. 

COS  L.  am  t 

In  the  northern  hemisphere,  when  the  sun  is  north  of  the 
equator  and  the  d>.clination  is  increasing,  or  when  it  is  south  of 
the  equator  and  the  declination  is  decress  ng,  the  value  of  D  is 
positive.  When  the  sun  is  south  and  the  declination  increasing, 
or  when  it  is  north  and  the  declination  is  decreacing  the  value 
ct  D  is  negative. 

If  B  be  the  reading  of  the  horizontal  circle  at  ^he  observation 
before  noon,  and  C  the  reading  of  the  corresponding  observation 
after  noon,  the  corrected  angle  formed  by  the  triangulation  liae 
and  the  meridian  is  equal  to 

KB  +  C-(A-A')1. 

The  following  example  will  serve  to  illuBtrat«  the  application 
of  the  correction : — 

On  July  6th,  1916,  from  a  point  A  in  latitude  North  54°  68' 
the  following  observations  were  taken  of  the  sun  for  the  purpose 
of  determining  the  azimuth  of  a  line  A  E.  The  vernier  of  the 
horizontal  circle  of  the  theodolite  was  reading  zero  when  the 
telescope  was  directed  to  B  : — 


—  J 

r^ 

Vertlal 

AD(1<I. 

""H^^ 

"■"•■ 

"Bsr 

8.2T  a.m. 

«»a8'00" 

138" 16' 30" 

3.31  p.m. 

279''28'30" 
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On  this  date  tlie  sud'b  declination  waa  decreasing  at  the  rate  of 
14-23"  per  hour,  the  buq  being  to  the  north  of  the  equator. 
The  fonnula  to  obtain  the  correction  is 


COS  L.  sin  ^ 
the  value  of  D  being  negative  in  this  cose. 
Intervcd  of  time  between  observations  is  7-07  hours, 
D  =  U-23  X  7-07  =  -  lOO'S" 

^-^'-a64-»6".r,53-or30-  —  3' 39".  »y.  -  3' «". 
Ai^le  formed  hy  sun  with  line  A  B 
=  i  { 138*16'  30"  +  279"  28'  30"  ^  (—  3' «")}  ==  208"  54'  20". 

In  this  latitude,  the  sun  beim  to  the  south  of  the  point  of 
obsetvatian,  the  angle  measured  from  A  B  to  the  true  Nort^ 
ifl  208°  54'  20"  —  180°  =  28°  54'  20".  The  azimuth  of  the  line 
A  B  =  331"  05'  40". 

IMennlnllon  of  Meridian  by  Shadows.~The  mel^od  of  equal 
altitudes  may  also  be  applied  to  rough  determination  of  the  true 
meridian  by  meaanring  the  lengths  of  shadows  cast  by  the  sun. 
The  lengths  of  the  shadows  of  a  vertical  object,  cast  by  the  sun 
on  a  horizontal  plane,  are  equal  for  equal  altitudes  of  the  son. 

A  staff  is  planted  vertically  in  the  ground,  and  the  ends  of  its 
shadows  are  joined  when  they  are  of  equal  length.  On  joining 
these  points  to  the  projection  of  the  axis  of  the  staff,  an  angle  is 
obtained,  the  bisectrix  of  which  is  the  true  meridian.  The  obser- 
vation may  be  made  more  accurately  by  describing  a  number  of 
concentric  circles  (Fig.  83)  with  the  foot  of  the  sta5  as  centre, 
and  marking  the  points,  o,  b,  c,  d,  d',  e',  h',  a',  where  each  of 
them  is  touched  by  the  shadow.  The  arcs  thus  obtained  are 
bisected,  and  the  points  of  bisection  are  joined  to  the  centre  of 
the  circle.  The  line  mm  thus  obtained  is  the  meridian.  This 
is  the  oldest  method  known  ;  it  was  used  by  the  early  Christiana 
for  determining  the  east  for  their  churches. 

The  method  is  considerably  improved  by  placing  a  thin  metal 
plate  provided  with  a  small  aperture,  at  the  top  of  the  staff. 
The  latter  is  inclined  so  that  the  aperture  is  perpendicularly 
above  the  centre  of  the  concentric  circles.    In  the  shadow  of  the 
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metal  plate,  a  bright  spot  appears,  the  centre  of  which  can  be 
found  with  considerable  accuracy.  This  method  has  been  used 
on  a  large  scale  hy  placing  perforated  metal  plates  in  the  roofs 
of  high  buildings,  a  notable  example  being  in  the  dome  of  the 
cathedral  at  Florence  (1467,  a.d.). 

The  shadow  method  may  be  applied  on  a  small  scale  b;  em- 
ploying a  vertical  pin  placed  in  the  centre  of  a  number  of  con- 
centric circles  on  a  diawing-boaid.  A  more  convenient  apparatus 
may  be  made  of  f,  brass  lod  about  7  inches  in  length,  provided 
at  its  lower  end  with  a  screw  and  at  the  top  with  a  very  thin 
plate  of  brass  about  2  inches  long  and  1 J  inches  broad,  so  arranged 
that  it  forms  with  the  pin  an  angle  of  about  120°.  In  the  middle 
of  the  plate  a  fine  hole  Is  drilled.  The  pin  being  screwed  into  a 
board,  half  an  inch  square,  near  the  edge,  a  portable  instrument. 
Fig.  84,  termed  a  gnom&n,  is  formed.    This  can  be  placed  on  a 


Kg.  83. 


Fig.M. 
',  and  used  in  the  manner 


table  01  drawing-board  In  the  open  a 
described. 

Detenuination  of  the  Meridian  by  Means  ol  the  Pole-Ster.— 
Of  the  bright  stara  of  the  northern  heavens,  the  nearest  to  the 
pole  is  the  first  star  in  the  tail  of  the  LittJe  Bear,  or  the  Pcde- 
Btar  (a  Urste  Minoris).  It  is  a  star  of  the  second  magnitude,  and 
may  easily  be  found  by  imagining  a  straight  line  to  be  drawn 
through  the  stars  §  and  a  of  the  Great  Bear,  and  continued  for 
about  five  times  the  distance  from  j8  to  a,  counting  from  a.  These 
two  stars  are  known  as  tho  poitUers. 

The  meridian  may  be  determined  by  observing  the  pole-star 
cither  when  it  is  in  the  meridian,  oi  when  it  is  at  its  eztieme 
elongation.  The  pole-star  is  not  situated  exactly  at  the  north 
pole  of  the  heavens,  but  is  now  about  1°  12'  from  it.  Twice  in 
each  sidereal  day  (23  hours  56  minutes)  it  is  in  the  meridian. 
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A  very  dmple  method  of  detenniuing  the  meiidian  of  a  place 
consists  in  sighting  the  pole-star,  marked  A  in  Fig.  85,  when  it 
appears  in  the  seme  vertical  line  with  the  stai  Alioth  in  the 
Gieat  Bear  («  Urs»  Majoris),  Thia  may  be  done  by  watching 
for  the  moment,  when  a  suspended  plumb-line  will  cover  both 
stsra.  They  will  then  be  approximately  in  the  meridian.  The 
pole-star  is  exactly  in  the  meridian  about  29  minutes  after  it 
has  been  in  the  same  vertical  plane  as  Alioth.  In  the  southern 
hemiq)heie  a  similar  process  may  be  applied  to  the  stars  a'  Ciucis 
and  ^  Hydri. 

The  meridian  may  also  be  determined  by  observing  the  pole- 
star  at  its  extreme  elongation— that  is,  when  it  is  at  its  greatest 
apparent  angular  distance  east  or  west  of  the  pcJe.  At  this 
instant,  the  horizontal  projection  of  the  apparent  movement  of 
the  star  alters  its  direction,  and  the  motion  of  the  star  appears 
to  cease  for  a  short  time.  The  greatest  and  least  horizontal 
attics  made  by  the  pole-star  with  any  g  ven 
lini  when  the  star  is  at  the  greatest  distances 
east  and  west  of  the  pole,  are  observed  and  the 
mean  of  the  angles  taken.  This  will  be  the 
angle  made  by  the  given  line  with  the  meridian. 
\'  This  method  is  rarely  practicable  with  an 
'  ^f  ordinary  theodolite,  as  one  of  the  observations 
*  must  generally  be  made  by  daylight.* 
-  '  The  Solar  Attachment  is  a  contrivanoe  that  is 

a  fastened  to  the  telescope  axis  of  American  tmnsit 

Kg.  8S.  instruments  for  the  purpose  of  determining  the 

tme  meridian.  The  principle  was  enunciated 
by  W.  A,  Burt,  of  Michigan,  and  applied  by  him  to  the  compass 
in  1836.  It  has  since  come  into  general  use  in  the  snrveys  of  the 
United  States  public  lands,  the  princip:il  lines  of  which  are  set- 
out  with  reference  to  the  true  meridian.-t- 

The  Burt  solar  compass  consists  mainly  of  three  arcs  of  circles, 
by  which  can  be  set  off  the  latitude  of  a  place,  the  declination 
of  the  sun,  and  the  hour  of  the  day.  Tiirough  the  centre  of  the 
hour  arc  passes  a  hollow  socket,  containing  the  spindle  of  the 
declination  arc.  This  is  termed  the  polar  axis.  When  this  axis 
is  paisUel  to  the  axis  of  the  earth,  the  vertical  plane  of  ttw  teries- 

*  A  method  of  condaoling  daylight  observBtions  is  described  bf  W.  O. 
Owsnt,  Eiig.  and  Min.  J.,  vol.  liiv.,  1903,  p.  S4. 

t  A  detailed  biatory  o(  soiar  mrveying  inBtnimento  haa  boen  written  by 
J.  B.  Davia,  Traa*.  Amer.  /ml.  U.B.,  f^  zsx.,  1001,  p.  903 
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trial  line  of  sight,  as  defined  b^  the  slits  in  the  vertical  BightB 
of  the  compasB,  coincides  with  the  meridian. 

Pig.  86  represeDta  the  solar  apparatus  placed  upon  the  crosB-bai 
of  the  transit-theodolite.    The  form  represented  was  patented  by 
Meesre.  W.  &  L.  E.  Gurley,  of  Troy.    The  following  ia  the  manu- 
factuieis'  description  of  this  attachment  :■ — -A  small  circular  disc, 
1|  inches  in  diameter,  with  a  short  round  pivot  pTojecting  above 
its   npper   surface,   is   first 
finnly  screwed  to  the  tele- 
scope axis.    Upon  this  pivot 
rests  the   enlai^ed  base  of 
the  polar  axis,  which  is  also 
finnly  connected   with   the 
disc  by  fonr  capstan  head 
screws    passing     from    the 
under  side  of  the  disc  into 
the   enlarged   base.     These 
screws  serve  to  adjust  the 
polar  axis. 

The  hour  circle  surround- 
ing the  base  of  the  polar  axis 
is  easily  movable  about  it, 
and  can  be  fastened  at  any 
point  denred  by  two  flat- 
Iteaded  screws  above.  It  is 
divided  to  5  minutes  of  time. 
It  is  figured  from  I.  to  XII., 
and  is  read  by  a  small  index 
fixed  to  the  declination  circle 
moving  with  it.  A  hollow 
socket,  fitting  closely  to  the 
polar  axis,  moves  up<&  it, 
and  may  be  damped  at  any 
point  desired  by  a  milled-  Tig.  BO. 

head  screw  on  top.     By  ils 

two  expanded  arms  below,  this  furnishes  a  firm  support  for  the 
declination  arc,  which  is  securely  fastened  to  it  by  two  la^e  screws. 

The  declination  arc  is  about  5  inches  in  radius.  It  is  divided 
to  quarter-degrees,  and  reads  by  its  vernier  to  single  minutes  of 
KK,  the  djvisicns  of  both  vernier  and  limb  being  in  the  same 
plane.  At  ea«h  end  of  the  declination  arm  ia  a  rectangular  block 
of  brass,  in  which  is  set  a  small  convex  lens,  having  its  focus  on 
the  surface  of  a  snail  silver  plate  fastened  by  screws  to  the  intida 
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of  the  opponte  block.  On  the  surface  of  the  plate,  two  sets  of 
lines  are  marked  iutersectjng  each  other  at  right  angles.  The 
two  Beta  are  tenued  the  hour  lines  and  the  equatorial  lineB,  aa 
haying  reference  respectively  to  the  hour  of  the  day  and  the 
position  of  the  son  in  relation  to  the  equator.  The  declination 
arm  is  also  provided  with  a  clamp  and  tangent  movement. 

The  latitude  is  set  oS  by  means  of  a  large  vertical  limb,  below 
the  telescope,  having  a  radius  of  2\  inches.  The  arc  is  divided 
to  SO  minutes,  and  is  figured  from  the  centre  each  way  in  two 
rowf),  from  0°  to  80°,  and  from  90°  to  10°,  the  former  series  being 
iutended  for  reading  vertical  angles,  the  latter  for  setting  oS  the 
latitude.  It  is  read  by  its  vernier  to  single  minutes.  It  has  a 
clamp  screw  inserted  near  ita  centre,  by  which  it  can  be  clamped 
to  the  telescope  axis  in  any  desired  position.  The  vernier  of  the 
vertical  limb  is  made  movable  by  the  tangent  screw,  attached  so 
that  its  zero  is  readily  made  to  coincide  with  that  ol  the  limb 
when  the  arc  is  clamped  to  the  axis  in  adjusting  the  limb  to  the 
level  of  the  telescope. 

A  spirit-level  on  the  under  side  of  the  telescope,  provided 
with  a  scale,  is  indispensable  in  the  use  of  the  solar  attachment. 

When  the  telescope  is  made  horizontal  by  its  spirit-level,  the 
hotir-circle  will  be  in  the  plane  of  the  horizon,  the  polar  axis  will 
point  to  the  zenith,  and  the  zeros  of  the  vertical  arc  and  its  vernier 
will  coincide.  In  this  podtion  of  the  instrument,  if  the  arm  of 
the  declination  arc  is  placed  at  zero,  and  one  lens  directed  to  the 
Bun,  its  image  will  be  seen  between  the  lines  on  the  silver  plate 
of  the  opposite  block,  and  will  indicate  its  position  in  the  heavens, 
on  an  instrument  placed  at  the  North  Fule  of  the  earth  at  the 
.  time  of  the  equinoxes,  or  when  tha  equator  is  in  the  plane  of  the 
horizon.  If  the  telescope  is  inclined,  as  shown  in  Fig.  86,  the 
polar  axis  will  descend  from  the  direction  of  the  zenith.  The 
angle  through  which  it  moves,  being  laid  off  on  the  vertical  arc, 
and  shown  by  its  vemiet  to  be  (say)  M°,  will  be  the  co-latituds 
of  the  place  where  the  instrument  is  supposed  to  be  used.  The 
latitude  itself  is  found  by  subtracting  ^0°  from  90°,  making  it 
60°.  Now,  if  the  declination  arm  remains  at  zero,  and  the  lens  is 
again  directed  to  the  sun,  its  image  will  appear  on  the  opposite 
plate  as  before,  the  instrument  being  used  at  the  time  of  the 
equinoxes  at  a  latitude  of  50°.  When,  however,  the  sun  passes 
above  or  below  the  celestial  equator,  its  declination  or  angular 
distance  from  it,  as  given  in  the  Navtical  Almanack,  can  be 
allowed  for  and  set  off  upon  the  arc,  and  the  image  brought  into 
position  as  befoie. 


,.  Google 


SUBFACB-eUBVXTINQ  WITB  THE  THKODOLTTB.  207 

In  Older  to  do  this,  it  ia  neceesai^  that  the  latitude  and  declin- 
ation be  correctly  set  off  upon  their  respective  arcs,  and  that 
the  inBtrument  be  moved  in  azimuth  until  the  polar  axis  points 
to  the  pole  of  the  heavens,  or,  in  other  words,  is  placed  in  the 
plane  ca  the  meridian.  Thus  the  poation  oi  the  sun's  image 
will  not  only  indicate  the  latitude  of  the  place,  the  declination 
of  the  sun  for  the  given  hour,  and  the  apparent  time,  hat  also 
determine  the  meridian  line  passing  through  the  place  where  the 
observation  is  made. 

The  latitude  of  a  place — that  is,  its  distance  north  or  south  cd 
the  equator,  measured  on  a  meridian — may  be  found  by  means 
of  the  solar  attachment  in  the  following  manner : — First  carefully 
level  the  instrument  by  means  of  the  spirit-level  of  the  telescope. 
Next  clamp  the  vertical  arc,  and,  by  means  of  the  tangent  screw, 
make  its  zero  and  that  of  the  vernier  exactly  coincide.  Then, 
having  the  declination  of  the  sun  for  12  o'clock  of  the  given  day 
as  affected  by  refraction  carefully  set  out  upon  the  declination 
arc,  note  also  the  equation  of  time.  The  sun  is  sometimes  faster 
and  sometimes  slower  than  a  clock  adjusted  to  mean  time,  the 
difference  being  termed  the  equation  of  time.  Fifteen  or  twenty 
minutes  before  noon,  the  telescope  is  directed  to  the  north, 
and  the  object  end  lowered  until,  by  moving  the  instmmeDt  on 
its  spindle  and  the  declination  arc  from  ude  to  aide,  the  sun's 
image  is  brought  nearly  into  position  between  the  equatorial 
lines.  Then  bring  the  declination  arc  directly  in  line  with  the 
telescope,  clamp  the  axis  firmly,  and  with  the  tangent  screw 
bring  the  image  precisely  between  the  lines,  and  keep  it  there 
with  the  tangent  screw,  raising  it  as  long  as  it  runs  below  the 
equatorial  line — -that  is,  as  long  as  the  sun  continues  to  rise  in  the 
heavens. 

When  the  sun  reaohes  the  meridian,  the  image  will  remain 
stationary  for  an  instant.  The  instant  is,  of  couise,  apparent 
noon  when  the  index  of  the  hour-arc  should  indicate  XIL  The 
latitude  is  determined  by  reading  the  vertical  arc.  i 

(The  angle  through  which  the  polar  axis  has  moved,  being 
measured  from  the  zenith  and  not  from  the  horizon,  the  a^le 
Head  on  the  vertical  limb  ia  the  complement  of  the  latitude.  The 
latitude  may,  however,  be  read  duect  from  the  inner  row  at 
figures  on  the  ant,  beginning  with  90  at  the  centie  utd  running 
to  10  on  either  side. 

A  very  important  addition  to  the  aolai  attachment,  patented 
by  Messrs.  W.  &  L.  E.  Gurley,  is  shown  in  fig.  86.  It  ia 
an  anangement  for  recovering  tjie  httitude  of  »  scdar  tiunt- 
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theodolite  without  referring  to  the  vertical  arc,  and  geneitUy 
for  Betting  the  telescope  at  any  desired  angle  in  aettibg-onfe 
inclinea.  It  consiBts  of  a  Bpirit-level,  connected  by  a  short  conical 
socket  with  t)ie  end  of  the  telescope  axis,  to  which  it  ia  clamped 
by  a  milled-head  screw,  and  made  adjustable  by  a  screw  and 
spring  on  opposite  mdea  d  the  enlarged  end  of  the  level-tube. 
When  the  millbd-head  screw  at  the  telescope  axis  is  released,  the 
level  turns  verticaUy  upon  the  kxIb,  and  can  thns  be  set  at  any 
angle  with  the  telescope. 

The  latitude  b:iing  set  off  npon  the  vertical  arc,  as  usual,  the 
level  is  clamped,  and  centred.  The  telescope  may  then  be  released 
and  used  in  running  lines,  until  it  is  desired  to  recover  the  latitude 
again.  This  is  accurately  done  with  the  spirit-level  alone  without 
referring  to  the  vertical  arc. 

The  declination  of  the  sun  given  in  the  Navtical  Almanadc 
from  year  to  year  is  calculated  for  apparent  noon  at  Greenwich. 
To  determine  it  for  any  other  hour  at  any  other  place,  reference 
must  be  made  not  only  to  the  difference  of  time  arising  from  the 
longituds,  but  also  to  the  change  of  declination  from  day  to  day. 
Thus,  supposing  that  the  observations  are  being  made  at  a  place 
eight  hours  west  of  Greenwich,  the  declination  given  in  the 
almanack  for  Greenwich  noon  of  any  day,  will  correspond  to  the 
declination  at  the  place  in  question  at  i  o'dock  a.m.,  of  IJLe 
same  date.  To  this  must  be  added  algebraically  the  hourly 
change  in  the  declination,  also  given  in  the  almanack.  A  table 
may  thus  be  prepared  givim;  the  declination  for  each  hour  of  tiie 
day. 

Deluminatlon  6t  the  Vidian  by  means  of  a  Map.— For  an 
appro^mative  determination  of  the  meridian,  a  large-scale  map 
■  may  be  employed.  The  direction  of  the  meridian  is  shown  by 
joining  the  degrees  of  longitude  marked  at  the  top  and  bottom 
of  the  map.  The  angle  formed  by  the  merid';^n  and  some  line 
easy  to  determine  on  the  ground,  is  measured  on  the  map.  With 
the  aid  of  this  line,  tiie  angle  is  marked  off  on  the  ground.  The 
approximation  thus  obtained  is  about  16  minutes. 

Aiteior  Det^l  ol  the  Trtangulatlon, — For  surveys  of  very 
extensive  royalties  it  may  be  advisable  to  carry  out  a  minor 
triangulation  in  order  accurately  to  fix  the  positions  of  points 
suf&ciently  dose  together,  so  that  the  detail  may  be  filled  in  with 
an  accuracy  consistent  with  that  of  the  triangulation,  but  this 
is  not  usually  necessary  if  the  main  triangulation  has  been  carefully 
laid  out. 

When  the  detail  is  to  be  filled  in  by  chain-surveying,  it  ie 
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advisable  to  put  in  pegs  on  the  triangulation  lines  at  all  points 
wkere  cross  lines  from  one  main  line  to  another  may  be  required, 
rating  for  this  purpose  being  perfonued  with  tite  tiieodolite. 
The  nuun  lines  are  then  chained  in  order  to  fix  the  positions  of 
the  p^a  As  the  total  distances  of  the  main  lin^s  have  already 
been  accurately  determined,  the  errors  in  chaining  are  known, 
and  the  podtions  of  the  pegs  can  be  accurately  fixed  by  making 
allowances  proportional  to  the  distances  of  each ;  due  allowance 
should  be  made  for  particularly  difficult  ground.  The  field- 
book  for  the  detail  is  entered  in  all  respects  umilarly  to  the 
method  given  in  the  chapter  on  chain- surveying. 

Traversing  forms  a  very  convenient  method  of  filling  in  details, 
especially  in  hilly  country,  as  the  vertic^  angles  can  also  be 
measured,  and  the  necessary  allowances  for  distances  measured 
on  the  slope  accurately  made.  Offsets  are  taken  from  the  traverse 
lines  in  exactly  the  same  way  as  in  chain-surveying.  It  is  advisable 
to  run  the  traverses  between  the  main  triangulation  stations, 
using  the  main  line  as  the  standards  for  direction,  the  traverses 
can  then  be  accurately  checked.  The  azimuths  of  the  separata 
traverses  should  til  be  determined  from  a  common  mendian, 
otherwiee  confusion  may  arise  in  plotting.  The  theodolite  should 
be  used  for  the  more  important  detaiC  such  as  the  boundary, 
principal  roads  and  buildings;  the  interior  fences,  etc.,  being 
filled  in  by  compass  traveises  made  with  the  dial  or  prismatio 
compass. 

As  already  mentioned,  in  this  country  much  of  the  less  important 
detail  can  be  obtained  from  the  1/2500  ordnance  mape,  which  are 
sufBciently  detailed  for  this  purpose.  Measurements  from  well- 
defined  features  in  the  field  are  made  from  the  triangulation 
stations,  so  that  these  can  be  plotted  accurately  on  the  maps; 
the  measurements  of  the  details  on  the  latter  can  then  be 
made  with  reference  to  the  triangulation  lines  and  transferred  to 
any  convenient  scale  to  which  the  main  triangulation  is  {dotted. 
TIus  method  is  particularly  useful  in  connection  with  colliery 
plans,  T,hich  at  tJie  present  time  are  required  to  be  drawn  on  a 
scale  of  not  less  than  two  chmns  to  an  inch. 

Surveying  by  the  plane  table  (see  Chapter  XIV.)  is  also  par- 
ticularly well  adapted  for  filling  in  details  of  triangulation- 
surveys. 
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Flotiino  tee  Susvbt, 

Scales. — Plotting  a  aurvey  conaiste  in  representing  on  paper,  to 
a  smaller  scale,  the  lines  and  angles  determined  on  the  ground. 
The  operation  of  drawing  lines,  the  length  of  which  shall  be  some 
fiaotion  of  that  of  the  lines  measured  on  the  ground,  is  called 
drawing  to  scale. 

A  scale  may  be  defined  as  an  arlj£dal  means  of  representing 
any  given  dimensions.  Thus,  a  fathom  may  be  represented  by  a 
Btiaight  line  1  inck  long ;  Uien  2  fathoms  would  be  represented 
by  a  line  of  2  inches,  3^  fathoms  by  3|  inches,  and  so  on.  Scales 
may  be  divided  into  two  classes — viz.,  simply  divided  acalea  and 
diagonal  scales. 

Simply  divided  scales  conaiat  of  any  extent  of  equal  divisions, 
numbered  1,  2,  3,  etc.,  beginning  at  the  second  divisiou  on  the 
left  hand.  The  first  of  these  primary  divisions  is  sub-divided 
.into  10  equal  ^rts,  and  from  these  aub-divisions  the  scale  is 
named.  Thus  it  is  a  scale  of  30,  when  30  of  these  secondary 
divisions  are  equal  to  1  inch.  If  the  primary  divisions  are  taken 
as  unita,  the  secondary  divisions  will  represent  tenths. 

As  an  illustration  of  the  method  of  constructing  scales,  let  it 
be  required  to  construct  a  scale  of  3  chains  to  the  inch,  to  exhibit 
Id  chains.  Draw  a  line  6  inches  long,  and  divide  it  into  18  equal 
parts.  These  on  the  primary  divisions,  each  of  which  represents 
one  chain.  Divide  the  first  primary  division  into  10  equal  parts; 
each  of  these  secondary  diviMons  will  represent  10  links.  Next 
draw  a  thicker  line  at  a  short  distance  below  the  first  line,  and 
draw  vertdcal  lines  between  them  to  indicate  the  divisions  of  the 
first  lines.  Place  the  zero  at  the  Ime  between  the  first  and  second 
primary  divisions,  and  then,  from  left  to  right,  place  in  succession 
the  numbers  1,  2,  3,  etc.,  at  each  primary  division.  Number  the 
secondary  divisions  from  the  zero  from  right  to  left,  0-1,  0-2, 
0-3,  etc.  With  this  system  of  numbering,  lengths  are  taken 
from  the  scale  with  greater  facility.    Thus,  to  take  off  3  chains 
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25  links  from  tlie  scale  described,  one  pcnnt  of  the  dividen  muet 
be  placed  at  the  £guie  3  od  the  scale,  and  the  other  point  extended 
back  to  a  place  midway  between  the  second  and  third  secondary 
divisions. 

In  cases  where  fathoms  and  feet  are  required  to  be  shown,  the 
first  primary  divisioii  is  divided  into  6  divisions  representing 
feet.  If  the  scale  is  to  show  feet  and  inches,  the  first  primary 
division  must  be  divided  into  12  equal  divisions,  representing 
inchea  . 

A  scale  constructed  in  this  way  should  be  drawn  upon  every 
mine  plan.  Pap^,  when  exposed  to  atmospheric  influences,  is 
found  to  expand  ca  contract  to  a  considerable  extent.  This  is 
especially  the  case  with  new  paper,  oi  newly-mounted  paper. 
The  serious  errors  apt  to  arise  from  this  cause  are,  to  a  la^e 
extent,  obviated  by  making  a  scale  on  the  paper  as  an  accurate 
standard  of  measurement.  This  will  expand  and  contract  witK 
the  paper,  and  thus  afiord  a  valuable  indication  of  the  state  <A 
the  paper. 

The  scales  usually  employed  for  the  plans  of  metalliferous 
mines  are  4  or  8  fathoms  to  tiie  inch,  sometimes  5  or  10  fathoms. 
For  colliery  plans,  scales  of  2  oi  3  chains  to  the  inch,  or  of  25-34 
inches  to  tJie  mile,  are  the  most  usual. 

In  order  to  assist  in  giving  a  dearer  idea  of  the  relative  pro- 
poriiions  of  the  scales  used,  it  is  desirable  that  they  should  be 
expressed  fractionally — that  is  to  say,  that  they  should  be  so 
named  as  to  indicate  the  ratio  the  line  drawn  on  the  paper  bears 
to  the  line  measured  on  the  ground.  Thus,  a  scale  of  2  fathoms 
to  the  inch  is  a  scale  of  y}t,  oi,  as  it  may  also  be  written,  I  :  Hi, 
since  1  inch  represents  2  fathoms,  or  144  inches  of  real  length. 
A  scale  of  this  kind  is  called  a  natural  scale. 

In  the  construction  of  the  maps  of  the  Ordnance  Survey  of 
Great  Britain,  the  following  scales  are  used : — > 

inchi'i  to  the  mile. 


Town*,. 

1:     600, 

Pari>he>.        . 

\:    2600, 

Cotmties. 

I  :  10560, 

1:63360, 

1        fnoh  „ 

In  the  scale  adopted  for  the  parish  maps,  largely  used  for 
colliery  plans,  1  square  inch  represents  very  nearly  an  acre. 

Diagmal  Scales. — A  diagonal  scale  of  equal  parts  is  con- 
structed in  the  following  manner :— Draw  eleven  straight  lines 
parallel  to  each  other  and  ^  inch  apart.  Divide  the  top  line  into 
,eqii«l  parts,  these  primary  divisions  being  of  any  required  l^sgtb. 


n  Google 


SI2 


HIHB-BUHVBSIMO. 


Through  the  points  marHng  these  primiuy  divifflonn,  draw 
perpendiculars  cutting  all  the  paraUels.  Kumber  the  primary 
divisions  from  the  left,  10, 0,  10,  20,  30,  etc.,  as  in  the  case  of  the 
simply  divided  ecale.  Then  sub-divide  the  top  and  bottom  lines 
of  the  first  primary  division  into  10  equal  parts.  Number  the 
alternate  divisions,  2,  i,  G,  8,  from  right  to  left  along  the  bottom 
line,  and  number  the  alternate  parallel  lines,  2,  4,  6,  8,  from  the 
bottom  upwards.  Then  draw  lines,  as  in  Fig.  87,  from  the  zero 
of  tiix  bottom  line  to  the  first  diviaon  of  the  top  line,  from  the 
first  of  the  bottom  to  the  second  of  the  top,  and  so  on  iintil  the 
scale  is  complete. 

The  diagonal  lines  are  all  parallel.  Consequently  the  distance 
between  any  two  succesdve  lines,  measured  up  any  of  the  eleven 
parallel  lines  which  they  intersect,  is  the  same  as  the  distance 
neasured  upon  the  highest  and  lowest  of  those  lines.  The 
distance  between  the  prependicular  which  posses  through  the 


1    1  t 

M     S 

«     4 

t.      O                                   f 

0                       2 

0                       30 
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zero  point,  and  the  diagonal  at  the  same  point,  ia  0  on  the  top 
line,  and  equal  to  one  sub-division  on  the  bottom  line.  It  is, 
therefore,  equal  {Evdid,  vi.  4)  to  one-tenth  of  a  sub-division  on 
the  second  line,  two-tenths  of  a  sub-division  on  the  third,  and  co 
on.  In  this  way,  each  of  the  diagonal  lines,  as  it  reaches  each 
successive  parallel,  separates  farther  from  the  perpendicular 
through  the  zero  point  by  one-tenth  of  the  extent  of  a  sub- 
division, or  one-hundredth  of  the  extent  of  a  primary  division. 
Thus,  by  means  of  a  diagonal  scale  a  distance  can  be  taken  oS 
to  two  places  of  deinmals. 

The  generf^  rule  for  taking  ofi  any  dista,^ce  stated  in  three 
figures  from  a  diagonal  scde  ia  as  follows : — On  the  parallel 
line  indicated  by  the  third  figura,  measure  from  the  diagonal 
indicated  by  the  second  to  the  vertical  indicated  by  the  first. 

Plotting  Scales. — The  most  convenient  scales  of  equal  parts 
tor  plotting  are  those  of  ivory  or  boxwood ;  scales  made  of  the 
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latter  material,  if  it  has  been  well  seasoned,  are  remarkrible  for 
their  coDfitancy,  being  in  this  respect  superior  to  ivory  scales. 
Scales  having  edges  divided  on  celluloid  are  also  very  extensively 
used.  Plotting  scales  have  a  feather  edge,  along  which  they  are 
divided,  the  divisions  usually  being  made  decimally.  The  two 
edges  of  the  scale  ore  generally  graduated  diflerently,  thus  ^ 
scale  of  1/2500  may  be  divided  to  read  chains  and  liaks  on  one 
side  and  either  yai^  or  feet  on  the  other.  When  the  two  edges 
are  differently  graduated,  the  distinction  should  be  very  marked, 
otherwise  confusion  may  arise  in  plotting  from  using  the  wrong 
side  of  the  scale  inadvertently.  Scales  divided  into  an  even 
number  of  divisions  per  inch  can  be  used  in  several  different 
ways,  thus  a  scale  of  20  divisions  to  the  inch  may  be  used  for 
20  feet  or  20  units  of  any  measurement  per  inch,  and  also  as  a 
scale  of  2  chains  to  the  inch,  each  small  division  then  r<.  presenting 
10  links  and  10  of  the  small  divisions  representing  a  chain. 

The  most  convenient  way  of  using  plotting  scales  is  to  lay  them 
directly  along  a  line  either  for  seating  off  a  given  distance  or 
measuring  the  length  of  a  given  line  ;  the  use  of  dividers  is  not 
only  unnecessary,  but  inadvisr.ble,  as  the  marks  made  by  the  points 
very  soon  ruin  the  graduations.  When  it  is  necessary  to  set  a 
pair  of  compasses  to  a  given  distance,  the  latter  should  be  marked 
off  on  a  piece  of  paper  and  the  compass  set  from  the  paper. 

Each  plotting  scale,  which  is  usually  either  10  or  12  inches 
long,  should  be  provided  with  a  shorter  scale  for  the  purpose  of 
plotting  offsets.  Offset  scales  are  usually  about  2  inches  loi^, 
with  the  seros  of  the  graduations  exactly  at  the  end  of  the  scale. 
The  ends  are  finished  so  that  they  are  accurately  at  right  angles 
to  the  graduated  edges,  and  the  scale  thus  forms  a  set-square 
with  wMch  offsets  can  be  marked  off  without  drawing  perpen- 
diculars from  th3  points  at  which  they  are  taken  on  the  chain 
line. 

PlotUng  ol  Cfaain-Svrveys. — Chr-in-surveys  are  plotted  by  con 
rtruct.ng  triangles  having  sides  corresponding  to  the  distances 
of  the  chain  lines.  A  plotting  should  be  made  in  the  first  instance 
to  a  small  scale,  so  that  the  size  of  the  paper  for  the  finished  plan 
can  be  accurately  gauged,  as  well  as  the  best  position  for  laying 
down  the  fiirt  line.  In  exteniive  surveys  the  lengths  of  the  main 
lines  are  usually  such  that  beam  compasses  are  required  for 
striking  the  arcs  for  the  construction  of  the  triangles.  They 
consist  of  a  set  comprising  a  needle  point,  pencil  point,  and  a 
pen,  the  latter  being  very  rarely  required  for  surveying  purposes  ; 
they  ue  constructed  so  that  they  can  be  clamped  on  to  a  wooden 
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01  light  metat  lath  of  any  convenient  length.  In  setting  &  beam 
compass  to  mark  oS  a  distance,  the  lattei  is  marked  along  a  line 
drawn  on  a  piece  of  paper  by  means  of  the  plotting  scale.  The 
needle  point  of  the  compasses  is  clamped  at  one  end  of  the  lath, 
and  the  pencil  point  is  set  at  the  approximate  distance  and  also 
damped.  The  needle  point  is  set  into  the  paper  at  one  end  of  the 
line,  and  the  position  of  the  pencil  point  set  accuiately  to  the 
Other  mark  by  means  of  an  adjusting  sciew  provided  for  the 
purpose. 

The  following  is  the  usual  procedure  in  plotting— takii^  the 
case  of  the  example  given  in  the  chapter  on  chain-surveying,  and 
working  from  the  diagram  of  lines  and  the  held-book.  Line  1  is 
drawn  on  the  paper,  uui^  a  good  quality  pencil  o£  HH  grade, 
and  sharpened  to  a  chisel  point.  The  distance  is  marked  off 
with  the  scale,  tistng  a  pricker  to  mark  the  end  stations.  The 
distance  of  line  2  is  then  obt^ned  on  the  compasses,  and  an  arc 
struck  on  the  side  of  line  1,  as  indicated  by  the  diagram.  The 
compasses  are  then  set  to  the  distance  corresponding  to  line  3, 
and  an  arc  intersecting  the  first  one  is  drawn.  Lines  drawn  to 
the  intersection  from  the  ends  of  Hue  1  represent  lines  2  and  3. 
If  the  lines  are  very  long,  it  is  advisable  to  draw  them  in  very 
[ightly  at  Erst,  and  to  check  the  distances  to  the  intersection 
\nth  the  scale,  as  it  is  very  difficult  to  strike  accurately  an  aro 
with  a  long  radius  by  means  of  the  beam  compasses,  especially  on 
new  mounted  paper  which  does  not  lie  perfectly  flat.  The  distances 
having  been  chdcked,  and  the  intersection  point  corrected  if 
necessary,  the  intersection  of  line  i  with  line  1  is  obtained  from 
the  notes  and  marked  oS  with  the  pricker  from  the  plotting  scale. 
Line  4  is  now  drawn  in  lightly,  and  its  distance  measured  off  with 
the  scale ;  if  the  plotted  distance  tallies  with  the  measured  distance 
as  recorded  in  the  notes,  then  lines  1,  2,  3,  and  4  can  be  accepted 
as  correctly  chained  and  plotted,  and  the  lines  can  be  drawn  in 
distinctly  and  numbered.  If  the  distances  of  the  lines  are  greater 
than  the  length  of  the  plotting  scale,  even  distances  of,  say,  10 
chains,  20  chains,  etc.,  depending  on  the  scale  of  the  plan,  are 
accurately  marked  ofi  along  the  line  in  the  direction  of  the  chain- 
ing. These  marks  are  used  in  the  subsequent  plotting  of  the  ofisets, 
and  also  enable  any  subsequent  contraction  or  expansion  of  the 
paper  to  be  noted  and  allowed  for.  Lines  6  and  6  are  next  plotted 
and  checked  in  the  same  way  as  before,  hne  7  forming  the  check 
line  for  this  triangle.  Lines  8,  12,  and  13  are  then  plotted,  then 
9,  10,  and  11.  Lines  14,  15,  and  16  complete  the  main  lines. 
The  plotting  of  the  nuun  lines  when  onoe  commenced  should  bo 
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completed  with  as  little  delay  as  possible,  bo  as  to  avoid  changes 
due  to  contraction  or  expansion  of  the  paper  during  the  plotting, 
otherwise  subsequent  changes  will  not  afiect  the  plan  uniformiy 
and  accurate  allowances  will  be  impossible.  The  remainder  of  the 
lines  aie  plotted  by  finding  from  the  notes  the  intersections  with 
the  lines  they  connect  and  pricking  them  ofi  from  the  scale.  The 
plotted  distaiice  of  each  line  should  be  compared  with  its  measured 
distance  before  proceeding  with  the  plotting  of  the  next  line. 
Notes  should  be  made  of  any  disciepancies  that  cannot  be  traced 
to  errors  in  plotting,  so  that  the  measurements  can  be  checked 
in  the  field.  The  stations  should  all  be  marked  with  the  pricker 
and  a  amall  circle  drawn  round  each,  the  station  lines  being  drawn 
up  to  the  circumferences  only,  thus  leaving  the  stations  quite 
clearly  defined. 

O&ets  are  put  in  by  means  of  the  oSset  scale  corresponding' 
to  the  plotting  scale.  The  latter  is  set  along  the  station  line  with 
its  zero  on  the  starting  point  of  the  line,  and  held  in  position  by 
flat-shaped  weights.  The  ofiset  scale  ia  placed  with  its  end  gainst 
the  graduated  edge  of  the  plotting  scale,  and  slid  along  until  one 
of  its  graduated  edges  is  at  the  reading  of  the  plotting  scale  corre- 
sponding to  a  distance  on  the  chain  lino  where  an  offset  has  been 
measured.  The  length  of  the  ofFset  is  then  set  ofi  by  simply 
marking  the  distance  with  a  finely-pointed  pencil.  A  pricker 
should  not  be  used  for  this  purpose,  as  the  holes  it  would  make' 
would  interfere  with  the  subsequent  inking  in  of  the  detail.  All 
the  ofisets  on  the  one  side  of  the  line  within  the  length  of  the  scale 
are  plotted  before  proceeding  to  plot  those  which  may  have  been 
taken  on  the  other  side,  these  being  put  in  after  the  scale  has  been 
turned  round.  The  offsets  should  then  be  joined  up  before  moving 
the  scale  along  the  line,  otherwise  if  too  many  unconnected  pointa 
are  plotted  there  is  a  liability  to  connect  them  up  incorrectly. 

Plotting  ot  Traverse  Surveys. — Traverses  may  be  plotted 
directly  by  setting  out  the  directions  and  distances  of  the  suc- 
cessive lines,  01  their  co-ordinates  with  reference  to  a  pair  of 
axes  at  right  angles  to  one  another  may  be  determined,  and  the 
stations  plotted  from  the  co-ordinates. 

Plot&ig  with  the  Protractor, — In  this  method  a  circular  pro- 
tractor for  laying  out  the  directions  and  a  parallel  ruler  for  trans- 
ferring them  to  any  desired  point  are  required,  in  addition  to  the 
usual  scales,  etc.  Various  forms  of  protractor  are  used,  some  being 
very  elaborate  instrumenta  provided  with  verniers  reading  to 
minutes.  A  simple  circular  protractor,  engine  divided  to  balf- 
degreea  and  made  of  brass,  celluloid,  or  cardboard,  is,  however, 
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amply  efficient.  Where  an  accuiacy  of  plotting  greater  than  can 
be  obtained  by  Buch  a  protractor  is  required,  it  can  be  more  readily 
attained  by  the  method  of  co-oidinates.  Semi-circular  pro- 
tracbora  should  not  be  employed  for  plotting.  The  diamet«r  of 
the.  graduated  edge  of  the  protractor  should  be  not  less  than 
6  inches,  and  should  be  divided  to  half-degrees  ;  its  centre  must 
be  accurately  marked,  and  it  may  with  advantage  be  doubly 
figured  in  a  clockniee  direction,  the  figuring  starting  from  oppo!<ite 
ends  of  a  diameter,  bo  that  the  zero  of  the  outer  set  of  figures 
corresponda  to  180°  in  the  inner  set  of  figures.  Cardboard  pro- 
tractoia  are  usually  printed  from  an  engine  divided  block,  and  the 
diameter  of  the  graduated  circle  is  usually  12  inches. 

The  parallel  rulei  should  be  of  the  rolling  form,  and  not  less 
than  18  inches  in  lei^th.  The  accuiacy  of  the  rnler  depends 
mfunly  on  the  rollers  being  of  exactly  the  same  diameter  and  on 
the  distance  apart  of  the  rollers,  the  latter  should  not  be  too  small 
or  set  too  closely  together.  The  ruler  may  be  made  of  ebony, 
or  preferably,  braaa  or  gun-metal.  The  surface  of  the  drawing- 
boud  on  which  the  paper  is  laid  when  plotting  must  be  true, 
otherwise  the  ruler  will  not  roll  truly. 

The  procedure  when  using  a  metal  or  celluloid  protractor  is 
•8  fdlows : — The  starting  point  of  the  traverse  having  been 
fixed  on  the  paper  either  from  a  trial  plotting  to  a  small  scale 
or  by  other  means,  a  meridian  line  is  drawn  on  the  paper  near 
this,  and  a  line  at  right  angles  to  the  meridian  is  drawn  to  repre- 
sent the  east  and  west  lines,  tlie  intersection  of  the  two  being 
the  point  at  which  the  centre  6f  the  protractor  is  set.  The  divided 
edge  of  the  latter  is  turned  until  the  zero  of  the  outer  set  of  figures 
coincides  with  the  north  line,  the  east,  south,  and  west  lines 
should  then  read  90°,  180°,  and  270°  respectively.  The  azimuth 
of  each  line  ol  the  traverse  is  then  pricked  off,  first  from  the  outer 
figuring,  readings  of  less  Chan  30'  being  obtained  by  estimation. 
Each  prick  mark  is  distinguished  by  writing  against  it  the  number 
of  the  line  to  which  it  corresponds  or  the  corresponding  azimuth, 
the  latter  being  generally  preferred.  The  direction  of  tha  line  is 
also  indicated  by  drawing  an  arrow-head.  Corresponding  prick 
marks  are  then  mads  from  the  inner  figuring,  again  distinguishing 
the  marks  as  before,  but  leaving  out  the  arrow-heads.  The 
protractor  is  removed  from  the  paper,  and  the  setting  out  of  the 
direction  can  be  checked  by  laying  a  straight  edge  in  contact 
T^^. opposite  corresponding  marks,  the  straight  edge  should  in 
e^ctt|CA9e  be  also  exactly  in  contact  with  the  point  pievioualy 
(M!QmWS^I>£  the  centre  of  the  protractor. 
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The  edge  of  the  parallel  ruler  is  then  brought  into  con^wt 
with  the  Eoaika  corresponding  to  the  direction  of  the  first  line, 
and  the  rnjer  rolled  until  the  edge  is  in  contact  with  the  starting 
point  of  the  traverse.  A  line  is  then  drawn  on  the  paper  in  the 
direction  indicated  by  the  arrow-head,  and  slightly  longer  than 
the  distance  of  the  line ;  the  distance  from  the  sbnrting  point  is 
then  pricked  ofi  from  the  scale.  The  end  of  the  first  line  forma 
the  starting  point  for  the  second  line  ;  this  can  be  plotted  forth- 
vith,  and  all  the  successive  lines  plotted  in  the  same  manner. 
The  number  should  be  written  against  each  line  as  it  is  plotted. 

If  the  edge  of  the  plotting  Bcale  is  quite  true,  the  neat- 
ness and  accuracy  of  the  plotting  can  be  increased  by  the 
following  modified  procedure : — The  parallel  ruler  having  been 
aet  to  the  direction  and  rolled  back  to  the  starting  point 
of  the  line,  the  pricker  is  put  lightly  into  the  paper  in  con- 
t-act  with  the  edge  of  the  ruler,  and  at  a  distance  of  slightly 
less  than  the  full  scale  length,  and  held  there  ;  the  ruler  is  rolled 
out  of  the  way,  and  the  scale  is  placed  so  that  its  zero  is  at  the 
starting  point  and  its  edge  also  in  con,Act  with  the  pricker.  The 
latter  is  then  used  to  mark  off  the  exact  distance  of  the  line,  and 
s  pencil  line  is  drawn  nearly  up  to  the  prick-mark,  which  is  tinged 
after  the  scale  has  been  removed. 

The  U3e  of  a  cardboard  piottactoi  enable  the  survey  to  be 
plotted  much  more  expeditiously  than  is  possible  n-ith  a  pro- 
tractor of  metal  or  celluloid,  and  with  an  accuracy  at  least  equal. 
A  circle  is  cut  out  inside  the  graduated  ring,  the  d'ameter  of  the 
eut-out  portion  being  rather  less  than  the  ^stances  between  the 
roller-,  of  the  ruler  ttiat  is  to  be  employed  for  the  plotting.  A 
line  ia  drawn  thiongh  tho  zero  and  180°  mark  on  the  protractor 
to  both  the  inside  and  outside  edges,  to  form  the  north  and  souf  h 
lines  for  setting  the  protractor,  which  is  then  laid  on  the  paper 
with  this  line  coinciding  nith  a  meridian  line  drawn  near  the 
starting  point  of  the  traverse  as  before,  but  with  the  starting 
point  inside  the  cut-out  portion.  The  most  convenient  figuring 
for  the  graduation  ia  that  suggested  for  the  pievious  form — 
viz.,  two  sets  of  figures  running  clockwise  from  the  north  and 
south  lines  respectively.  The  parallel  ruler  is  laid  across  tho 
divided  circle,  care  being  taken  tc  see  that  both  rollers  are  on  the 
cardboard,  the  edge  is  brought  to  read  the  azimuth  on  both  sets 
of  figures,  the  outer  set  giving  the  proper  direction  for  the  line. 
As  this  divided  circle  is  lai^e  enough  to  be  divided  into  quarter- 
de.^rees  direct,  it  is  possible  to  read  by  estimation  to  about  three 
minutes  on  either  side,  so  that  the  azimuths  can  be  set  off  with 
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considerable  accuracy.  The  lulec  ie  then  rolled  until  its  edge  is 
exactly  over  the  starting  point  of  the  traverse,  and  a  pencil  line 
IB  diawn  in  the  direction  of  the  line ;  the  luler  is  rolled  out  of 
the  way,  and  the  distance  pricked  off  from  the  scale.  The  station 
eo  obtained  is  ringed,  the  line  numbered,  and  the  plotting  at  the 
second  and  all  succeeding  lines  carried  out  in  the  same  way. 
The  protractor  is  moved  along  the  meridian  line  in  order  to 
bring  fresh  portions  of  the  paper  within  the  cut-out  circle  as  the 
plotting  proceeds.  A  modification  of  the  method,  similar  to  that 
previously  described  may  with  still  greater  advantE^e  be  applied 
to  plotting  with  the  cardboard  protractor.  The  ruler  having  been 
set  to  the  azimuth  is  rolled  until  it  is  exactly  over  the  starting 
point,  the  setting  being  facilitated  by  holding  the  pricker  lightly 
in  the  paper  at  the  point  and  keeping  the  needle  as  vertical  as 
possible.  The  pricker  is  taken  from  the  paper  and  put  into  the 
cardboard  in  contact  with  the  edge  of  the  ruler,  and  slightly  less 
than  a  scale  length  away  from  the  starting  point,  and  held  in 
position ;  the  ruler  is  rolled  out  of  the  way  and  the  scale  laid 
with  its  zero  at  the  starting  point  and  its  edge  in  contact  with  the 
pricker  on  the  cardboard,  the  pricker  is  then  used  to  mark  off 
the  exact  distance,  and  the  line  pencilled  in.  This  method 
of  working  is  strongly  advised  with  a  cardboard  protractor,  as 
the  edge  of  the  ruler  is  of  necessity  some  little  distance  away 
from  the  plotting  paper,  and  difficulty  is  experienced  in  drawing 
a  straight  line  witu  the  edge  of  the  ruler,  which  is  avoided  by 
working  in  the  manner  last  described. 

It  will  be  evident  that  one  meridian  line  can  only  be  used  for 
plotting  over  a  limited  area  of  paper  with  a  cardboard  protractor, 
and  when  the  plotting  has  proceeded  up  to  the  limit,  a  fresh 
meridian  line  parallel  to  the  first  must  be  drawn  in  order  to 
continue  the  work,  In  order  to  avoid  an  excessive  number  of 
meridian  lines,  the  range  over  which  any  particular  one  may. 
be  utilised  for  plotting  can  be  increased  by  drawing  lines  on  tho 
protractor  itself,  pawilel  to  the  north  and  south  lines  on  the 
latter,  and  at  intervals  of  about  an  inch.  The  lines  are  drawn 
to  the  extreme  e(^es  of  the  cardboard,  so  that  any  one  of  them 
may  be  utilised  for  setting  the  protractor  on  the  paper.  With 
the  ususJ  size  of  cardboard  on  which  the  protractors  are  printed, 
it  is  thus  rarely  necessary  to  draw  meridian  lines  on  the  plan 
closer  than  about  2  feet.* 

*  See  aote  b;  Mr.  B.  F.  Fercj,  Trans.  Inil.  Min.  Eng.,  voL  xii.,  1897^ 
p.  580. 
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Plotting  by  Chords  or  Sines. — This  is  a  modificatian  of  the  method 
of  plotting  with  a  protractoi,  and  is  Beldam  employed.  In  efiect 
a  protractor  showini^  only  the  angles  coiresponding  to  the  diiectiona 
in  a  partioulat  traverse  is  constructed.  The  azimuths  occuning 
in  the  travene  are  reduced  to  quadrant  bearings  by  applying 
the  tollowing  roles : — 

RULBB  FOB  COHTMHSICK  OF  AzIHITTHS  INTO   QlTADBANT  BbABIITOS. 

If  (titnuiit  i>  btlatat 

0°  and  90°,  tht  numtrieat  valve  it  (A«  ittme  and  htaring  it  in  tf.E.  juulranf 
BO",,  180",  „  =  180°  -  oa'matt  „         S.E. 

180°  „  270°,  „  =  azimtUh  -  180°,,        „         S.W.       „ 

870°  „  380°,  „  =  360°  -  azi'mutft  „         N.W.      „ 

From  a  table  of  chords  giving  the  latter  to  unit  radius,  the 
chorda  corresponding  to  the  quadrant  bearings  are  ascertained 
for  a  radius  of  1,000  by  moving  the  decimal  point  in 
the  numbers  given  in  the  tables  three  places  to  the  right. 
The  example  given  on  p.  220  illustrates  the  method  of  reducing 
the  notes. 

A  taido  of  1,000  units  radius  is  drawn  to  any  convenient  scale, 
on  the  plotting- paper,  and  a  meridian  line  drawn  through  the 
centre  of  the  ciicle,  the  intersections  with  the  circumfeience 
being  marked  north  and  south  points,  and  from  one  or  another 
of  these,  according  to  the  designation  of  the  bearing,  the  length 
of  the  chords  are  marked  ofi  on  the  circumference  of  the  drde 
in  the  respective  quadrants,  this  beii^  done  either  by  means  of 
ft  pair  of  compasses  or  simply  by  the  scale  to  which  the  circle 
was  drawn.  Lines  drawn  from  the  centre  of  the  circle  to  the 
intersections  of  the  chords  with  the  circumfeience  represent  the 
directions'  of  the  corresponding  lines  in  the  traverse.  Thus, 
taking  the  liist  line  in  the  example,  the  compasses  are  set  to  a 
distance  of  1,030  units  on  the  same  scale  with  which  the  radius 
was  measured,  the  point  of  the  compasses  being  put  in  at  the  north 
point  of  the  circle ;  the  intersection  with  the  ciroumference  of  the 
drcle  in  the  N.W.  quadrant  is  then  marked.  A  line  drawn  from 
the  centre  of  the  circle  to  the  mark  gives  the  direction  of  the  first 
line  of  the  traverse. 

The  plotting  of  the  traverse  is  then  carried  out  with  the  aid 
of  the  parallel  ruier  exactly  as  with  a  protractor,  and  to  any  scale 
izrespective  of  that  used  for  jotting  the  chords. 
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No.  10  Pit.     From  centre  of  shaft,  12  ft.  x  6  ft. ;  Icmg  side  bearing 


No. 

Admnth 
Angle. 

«s 

r=lO0(X 

DEiUooe. 

KeiaaAi. 

Liiib. 

A 

208"  00' 

N.62-00'W. 

1030-0 

116 

B 

299°  30' 

N.  eO'>30'W. 

1007-5 

47 

0 

320°  00' 

N.40'00'W. 

684-0 

71 

D» 

316°  00' 

N.48*00'W. 

7063 

(  bearing  only,  into  air 
\     ooarae. 
into  stone  drift. 

D 

227°  30' 

8. 47°  30'  W. 

805-4 

151 

E 

228-00' 

8. 48"  00' W. 

B13-4 

59 

F 

301°  00' 

N.  59-00' W. 

0848 

86 

Q 

297=30' 

N.  62°  30'  W. 

1037-6 

45 

H» 

20-00' 

N,20-OOT,. 

347-2 

100 

J' 

14°  30' 

N.  14°  30'  E. 

252-3 

45 

K» 

42°  30' 

N.  42°  30'  E. 

724-B 

66 

to  f  aoe'l'ying  N.  M"  W. 

H 

319°  00' 

N.41°00'W. 

-700-4 

103 

J' 

16"  OO' 

N.  16"00'E. 

278-3 

68 

K« 

10°  30' 

N.  10-  30'  E. 

183-0 

45 

I? 

10°  16' 

H.  10°  15'  E. 

173-a 

07 

M» 

'WOO- 

n.4o°oo'j:. 

084-0 

43 

N' 

ES"  30' 

N.  56"  30' p. 

931-2 

23 

to  face  lying  8.  30°  E. 

J 

313"  00' 

N.  47-00' W. 

',97-4 

95 

K» 

20"  00' 

N.  20-00' E. 

347-2 

68 

L' 

9°  30' 

N.   9°30'E. 

165-6 

117 

H* 

8°  00' 

N.   8°00-E. 

139-5 

44 

N» 

20"  30' 

N.20-30'E. 

355-8 

35 

/  10  liiJu,  to  face^  lying 
\     N.68°W. 

K 

304°  OO' 

N.68°00'W. 

038-9 

101 

L' 

13"  30' 

N.  13°  30'  E. 

235-0 

100 

M' 

358°  00' 

N.    fi''00'W. 

87-2 

90 

to  face  running  E.tudW. 

L 

290-00' 

N.  70°00'W. 

11471 

87 

TOO' 

N.    l-'OO'E. 

17-4 

64 

N' 

348"  00' 

N.  12°00'W. 

209  0 

70 

to  face  lying  8.  65- W. 

M 

278- 00' 

N  82''00'W. 

13121 

40 

N 

286"  00' 

a.  86°  00' W. 

1363  9 

20 

0' 

349-00' 

N.  ll°00'W. 

101 -a 

52 

P' 

332"  00' 

N.28°00'W. 

483-8 

2G 

tofaoolVingN.'60°S. 

0 

281"  OO' 

8.  81°  00'  W. 

1208-8 

94 

P' 

2°  00' 

N.   2°00'B. 

34-9 

50 

totace'iying8.89°E. 

p 

261"  30' 

a  81°  sew. 

1305-5 

38 

toendJleW 

Plotflng  Collier;  Survey  In  Seotlaod.— In  the  West;  of  Scot- 
land, a  method  of  plotting  colliery  surveys,  which  difien  from 
th»t  in  vogue  io  other  dutriots,  is  frequently  employed.    Ths 
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protxttctor  ased  conKste  of  a  circulai  biaas  plate,  2  feet  in 
diameter,  pivoted  at  the  centre,  so  that  it  can  rotate  in  a  hori- 
iiontal  plane.  It  is  supported  in  a  square  mahogany  frame, 
the  surfaces  of  the  frame  and  of  the  protractor  being  flush.  A 
biasa  or  steel  straight-edge  is  attached  to  one  side  of  this  square 
frame.  The  diawiDg-paper  is  used  in  oiioular  sheets,  which  are 
fastened  on  the  face  of  the  prottaotor  inside  the  graduated 
oircle.  A  sheet  of  paper  is  permanently  glued  on,  and  sheets 
may  be  attached  to  this  by  means  of  waiers  as  required.  A 
T-square  replaces  the  parallel  ruler  used  in  other  methods  of 
plotting  with  the  protractor.  It  is  brought  to  the  diameter 
of  the  protiaotor,  and  then  the  required  bearing  is  brought 
under  the  edge  of  the  T-square  by  rotcting  the  protractor.  The 
protractor  is  then  held  steady,  while  the  T-square  is  moved 
along  the  straight  edge  attached  to  the  mahogany  frame  in 
order  that  a  line  may  be  drawn  through  a  station  point.  In  the 
more  recent  forms  of  this  instrument,  an  „ 
index  line  is  engraved  on  a  sm^l  piece  of 
brass  fixed  on  the  left  of  the  mahogany 
frame,  and  the  required  bearing  on  the 
protractor  is  brought  to  this  line  by  rota- 
tion. A  day's  survey  having  been  plotted, 
a  tracing  is  made  and  transferred  to  the 
main  plan  of  the  colliery. 

PloWng  by  Rectangular  Co-fndlaates.— 
This  is  the   most   accurate  meuhod  of  Hg,  88. 

plotting  a  survey,  because  the  position 

of  each  station  is  plotted  without  being  affected  by  any  errors 
committed  in  plotting  previous  stations. 

It  consists  in  aa.<iuniing  two  Hxed  aaxs,  0  X  and  0  Y,  crossing 
at  right  angles  at  a  fixed  point  or  origin,  0,  and  in  calculating 
the  perpendicular  distances,  or  ao-ordiTuile^,  of  each  station  from 
those  axes.  When  the  direction  of  the  true  meridian  has  been 
ascertained,  it  is  advisable  to  make  one  of  the  axes  represent  it. 
Thus,  in  Kg.  88,  let  0  A  represent  a  horizontal  line  surveyed. 
Through  the  starting  point  0,  draw  a  north  and  south  line,  0  T, 
and  at  right  angles  to  this,  through  the  same  point,  an  east  and 
west  line,  0  X,  then  the  angle  Y  0  A  will  represent  the  bearing 
of  the  line  0  A.  The  line  0  Y  is  taken  as  abscissa  axis,  and  the 
line  0  X  as  ordinate  axis.  From  the  end  point  of  the  given  line, 
0  A,  the  two  perpendiculars  A  a  and  A  a'  are  let  fall  to  those 
axes.  A  a  is  termed  the  latilvde  and  A  a'  the  depaHure  of  the 
liDe  0  A.    The  latitude  of  a  point  may  be  defined  as  its  distanoe 


,.  Google 


22S  HINI-SDBVETINO. 

north  or  south  of  some  parallel  ot  latitude.  The  diatance  that 
one  end  of  a  line  is  due  north  or  south  of  the  other  end,  is  called 
the  difference  of  latitude  of  the  ends  of  the  line,  or,  brief  y  the 
latitude  of  the  line,  or  its  northing  or  southing.  Similarly  the 
distance  which  one  end  of  a  line  is  due  east  oi  west  of  the  other 
end  is  called  the  difference  of  longitude  of  the  ends  of  the  line, 
or  the  departure  of  the  line,  or  its  easting  or  westing. 

On  regarding  the  r^ht-angled  triangles  0  A  a  and  0  A  a'  jn 
Fig.  88,  it  will  at  once  be  seen  that  the  latitude  and  departure 
may  be  calculated  from  the  length  0  A  and  the  bearing  A  0  a' 
or  p.    Now  a'  A  is  equal  to  0  a,  and  a'  0  is  equal  to  A  a ;  it  ia 

therefore   evident  that   fr-r  =  sin  /3,   and   consequently  A  a' 

=  0  A  sin  ^,  and  0  a  =  0  A  sin  ^.  Similarly  0  a'  =  0  A  cos  /S, 
and  A  a  =  0  A  cos  j3.  In  other  words,  to  find  the  latitude  of 
the  end  pcunt  ot  any  line,  multiply  its  distance  by  the  cosine 
of  its  bearing,  and  to  find  its  departure,  multiply  its  distance 
by  the  sine  of  its  bearing.  If  the  forward  bearing  of  the  line  is 
northward,  its  latitude  is  north  and  is  regarded  as  positive.  If 
the  forward  bearing  of  the  line  is  eastward,  its  departure  is 
east,  and  is  regarded  as  positive.  West  dejrartures  and  south 
latitudes  are  regarded  as  negative  magnitudes. 

In  Fig.  88,  let  0  Y  represent  the  meridian,  and  let  0  A  B  0 
represent  a  mine  road,  the  survey  of  which  gave  the  following 
results: — 


Uns. 

AXIMU^.. 

»u... 

OA 
AB 
BO 

32"  16' 
72°  32' 
331°  46' 

Links. 
176 
180 
156 

The  quadrant  bearings  must  then  be  calculated  from  the 
rules  given  on  p.  219,  They  will  be  found  to  be  as  follows: — 
0  A,  N.  32°  15'  E. ;  AB,  N.  72°  32'  E. ;  B  C,  N.  28°  15'  W. 
The  latitudes  and  departures  may  then  be  obtained  from  the 
formuls — 


The  troublesome  and  tedious  multiplication  by  natural  sines 
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and  cosines  may  be  avoided  by  usii^  l<^arithms.    The  calcula- 
tions will  then  be  as  follows  ; — 


OA. 

lc«176 

L.  sin  32"  15" 

: 

2-246612 
9  727227 

1-972739 

log  176 

L.  coe  32°  16' 

- 

UUdtdot. 
2-246612 
9-927230 

2-172742 

Easting 

= 

93-91 

Northing 

= 

148-86 

OB. 

log  180 

L.  Bin  72°  32' 

= 

3-266272 

»<978499 

2-234771 

bglSO 
L.oob72'>32' 

= 

2-256272 
8-477339 

1-732611 

Ewting 

= 

171-70 

NoTtbing 

= 

64-02 

OC. 

loglM 

L.  ein  28°  15' 

= 

2-190331 
9-676164 

1'8661S6 

log  166 

L.  COS  28°  15' 

= 

2190331 
9-944922 

2136253 

Worting 

. 

73-36 

Northing 

= 

136-54 

In  making  calculations  with  logarithms,  it  must  be  lemembered 
that  in  tables  of  logarithmic  sines  and  cosines,  the  logarithm  of 
the  assumed  radius  is  10-000000.  Conaequently  in  the  pre- 
ceding calculations,  the  log.  radius  10  is  deducted  in  order  to 
give  the  log.  of  the  natural  number  sought. 

The  residta  of  the  calculation  should  be  entered  in  the  first 
four  cdnmns,  tor  northing,  southing,  easting,  and  westii^  respec- 
tively in  tiie  table  shown  on  p.  224. 

Bearding  the  northing  as  positive  and  the  southing  as  n^a- 
tive,  the  algebraical  sum  of  the  latitudes  is  339-11  links.  The 
easting  being  positive,  and  the  westing  negative,  the  algebraical 
sum  of  the  departures  is  266-61  ~  73-36  =  192-25  links. 

Before  the  calculated  co-ordinat«s  can  be  used  for  plottii^ 
purposes,  the  total  latitudes-  and  the  total  departures  must  be 
calculated.  This  is  done  by  taking  the  algebraical  sum  at  each 
station,  and  entering  the  results  in  the  last  four  columns.  A  check 
on  the  algebrucal  addition  for  obtaining  the  total  co-ordinates 
is  a&orded  by  obtaining  the  totals  of  the  columns  for  the  separate 
co-oidinates,  and  the  difierences  between  the  totals  should  be 
identical  with  the  total  co-ordinates  entered  for  the  last  line. 

Having  prepared  this  table,  draw  a  meridian  line  through  the 
tot  station  0,  Fig.  88.     Along  the  meridian,  north  latitudes 


,.  Google 


KIKB-SUBVETIKO. 


ll 

t'l 

ri+ 

S    S    8 

s  1  s 

>ji 

li+ 

g     S     3 

3  8  i 

' 

i 

It'i 

:     J 

1 

ri+ 

i|      : 

11 
S  " 

? 

s 

i 

rft 

^+ 

?    S    3 
5    3    S 

8 

: 

Is   S   S 

1 

tj    >!   ef 
2    a    2 
-g    !!    Is 

<i   ti   a 

1 

<     M     o 
o    ->!    oa 

nGoogle 


FLOmMO  THB  SUBTET.  226 

am  Bet  off  upwards,  and  south  latitudes  downwards.  East 
departures  are  set  off  perpendicularly  to  the  right,  and  west 
departures  perpendicularly  to  the  left.  Set  off,  therefore,  along 
the  meridian  in  a  northerly  distauoe  the  latitude  US-fib  links  to 
the  scale  required.  This  gives  the  point  a'.  From  that  point, 
set  off  perpendicularly  to  the  right  the  departure  93-91  links. 
The  station  A  is  thus  fixed  on  the  plan.  Join  the  points  0  and  A. 
Fiom  0  again  set  oS  upwards  202-87  links  to  b',  and  from  that 
point  set  off  265-61  links  perpendicularly  to  the  right.  This 
gives  the  point  B.  Join  the  points  A  and  B.  From  0  again  set 
ofi  upwards  the  latitude  339-41  links  to  c',  and  from  that  point 
set  off  the  departure  192-25  links.    The  last  point  C  is  thus  fixed. 

In  this  way  any  survey  may  be  plotted  with  great  ease  and 
rapidity,  and  with  greater  accuracy  than  is  possible  by  any  other 
method. 

The  calculated  co-ordinates  are  of  great  value  for  testing  the 
acciiracy  of  a  closed  traverse.  Obviously,  when  a  surveyor  makes 
a  circuitous  survey  returning  to  the  starting  point,  he  goes  exactly 
as  far  to  the  north  as  he  returns  to  the  south,  and  as  far  to  the 
east  as  he  returns  to  the  west.  Consequently,  if  his  survey  is 
correct,  the  sum  of  the  northiogs  should  be  equal  to  that  of  the 
southings,  and  the  sum  of  the  eastings  equal  to  that  of  the 
Westings. 

An  illustration  of  this  is  afforded  by  the  survey  of  a  closed 
polygon  with  a  theodolite,  the  notes  of  which  are  given  on  p.  176. 
On  calculating  the  co-ordinates,  the  results  Tin  p.  226  are  obtained. 

The  determination  of  the  co-ordinates  affords  the  most  prac- 
ticable method  of  distributing  the  errors  in  a  closed  traverse. 
It  has  been  already  pointed  out  (p.  169)  that  the  total  error  in 
the  angular  measurements  in  a  closed  traverse  can  be  ascertained 
ii  the  "  dosing  angW  "  has  been  measured.  This  infonnation  is 
geoeially  only  of  practical  use  for  determining  whether  it  is 
necessary  to  repeat  the  angular  measurements  in  the  case  of  a 
traverse  having  an  excessive  closing  error.  Coiisidering  a  traverse 
as  having  a  fixed  starting  point,  the  effect  of  an  error  in  measuring 
any  angle  on  the  accuracy  of  a  traverse  depends  upon  the  position 
of  the  angle  in  relation  to  the  starting  point,  as  the  effect  of  the 
error  is  cumulative ;  it  is  thus  quite  possible  to  increase  the  closing 
error  of  the  traverse  by  distributing  a  total  angular  error  between 
all  the  angular  measurements. 

The  magnitude  of  the  dosing  error  is  calculated  from  the  errors 
in  the  total  latitude  and  departure  by  the  formula  e=\/P+d*. 
in  which  e  is  the  error  of  dosore,  I  is  Che  enor  of  latitude,  and  d 
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the  error  of  depaituie.  The  proportdoii  which  this  error  bears 
to  the  total  perimeter  p  of  the  Biffvey  forma  a  good  teat  of  the 
accuracy  of  tlie  work.  If  the  ratio  e  :  p  does  not  exceed  1 :  3000, 
the  survey  may  be  looked  upon  as  satisfactory  for  most  purposes ; 
in  Prussia  the  maahnum  admissiblB  error  is  detenuined  by  the 
followiDg  formuIsB  : — * 

For  wo  A  nnder  faTonmble  omditioiu,      e^O  -01  V*p+ OOOSp* 
For  work  under  aTsrag«  oondiUoiu,  •<0-01  V6ji+0-0076ii» 

For  work  under  nnfaTonrafale  oonditions,  e<]0-01  VSp+O-Olf^ 

It  will  be  seen  that  this  liaiit  is  a  comparatively  high  one. 
In  most  oases  the  surveyor  himself  will  have  to  decide  what  is 
the  pennissible  limit  of  error,  having  legard  to  the  purposes  for 
whidi  the  survey  is  required. 

If  the  ratio  e :  p  falls  within  the  admissible  limits,  the  errors 
of  latitude  and  departure  are  best  distributed,  so  as  to  bring  the 
total  latitude  and  departure  of  the  end  of  the  last  traverse  to  zero. 
This  may  be  done  in  several  ways,  two  of  the  umpler  of  whicK 
are  the  following  : — 

(1)  Multiply  the  length  of  each  draft  of  the  traveise  in  turn 

by  -,  the  product  being  the  correction  which  must  be  added  to  or 

mbtracted  from  the  latitude  of  the  end  of  the  draft  in  question, 
in  order  to  get  a  corrected  latitude  ;  in  the  same  way  each  traveise 

must  be  multiplied  by  -,  in  order  to  obtain  a  correction  to  be 

applied  to  the  respective  departures;  the  correction  must  be 
added  or  subtracted  according  as  the  closing  error  is  —  or  -|- ; 
from  the  co-ordinates  thus  corrected  the  total  latitudes  ukl 
departures  are  calculated  in  the  usual  way. 

(2)  Let  L  be  the  arithmetical  sum  of  all  the  latitudes,  and  D 
of  all  the  departures,  these  being  added  up  without  i^ard  to 

their  algebraical  signs ;  each  latitude  is  multiplied  in  turn  by  =-,  . 

d  ^ 

and  each  departure  by  -:,  the  products  being  the  oorrectioiu  | 

that  must  be  ap^ed  as  before  to  the  co-ordinates  of  each  travene  I 

station.  I 

The  former  is,  generally  speaking,  the  better  method,  as  strictly  i 
the   latter  should  in  its  turn  be  considered  as  modifying  the 
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azimuths  to  some  extent,  though  in  all  ordinaiy  surveys  the  effect 
is  quite  negligible.  There  are  various  other  methods  in  use  for 
distributing  the  error  amongst  the  co-ordinates,  but  the  above 
are  sufficient  for  all  ordinary  purposes. 

It  must  not  be  forgotten  that  the  distribution  of  a  closing  error 
does  not  of  necessity  eliminate  the  error  at  each  point,  and  that 
it  is  quite  possible  that  the  corrected  co-ordinates  of  any  point 
(except  the  last  one)  may  be  further  from  the  true  value  than 
were  the  uncorrected  figures  ;  hence  these  methods  of  distributing 
the  closinx  error  are  strictly  limited  to  surveys,  the  closing  errors 
of  which  f^lt  within  the  admissible  limits. 

One  of  the  most  important  applications  of  co-ordinates  is  that 
to  the  determination  of  directions  and  distances  for  driving 
headings,  and  the  location  of  points  for  the  excavations  of  shafts, 
either  by  sinking  or  rising,  the  determinations  being  independent 
of  any  errors  of  plotting.  The  direction  and  distance  of  the  line 
between  a  point  of  origin  and  any  other  point  whose  co-ordinates 
with  reference  to  it  have  been  caloulatei^  may  be  determined  by 
using  the  following  formulte : — 

_        I L      ■  departure 

_  latitude 

Distance  =  Vlat'  -f  dep«  or  ^  ^^  ^^^^  or 

latitude  X  sec  of  bearing. 

These  formulas  can  also  be  applied  to  the  determination  of  the 
direction  and  distance  of  the  line  between  any  two  points  whose 
co-ordinates  with  reference  to  a  common  point  (S  origin  are 
known,  by  assuming  one  of  the  two  points  as  itself  a  point  of  origin 
and  computing  the  co-ordinates  of  the  second  point  with  reference 
to  it  by  the  addition  or  subtraction  of  the  respective  co-ordinates 
given.  Take  as  an  example  the  table  given  on  p.  224,  assuming 
that  it  is  desired  to  find  the  co-ordinates  of  C  with  reference  to 
A,  with  a  view  to  determining  the  direction  and  distance  cd  AC. 


The  correct  algebraical  signs  are  readily  determined  by  in- 
spection. By  using  these  values  in  the  formuUe  given  the  direction 
and  distance  of  A  0  can  be  found. 

Several  examples  of  the  use  of  the  formulte  are  given  on  p.  362 
and  following  page& 
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Sonfl)    African    Practice    ta    Calculating    Co-ordinates.— The 

method  of  calculating  coordinates  in  general  use  in  aiine-surveying 
in  South  Africa  difiers  from  that  prevailing  in  moat  of  the  other 
mining  centiee.  In  the  firat  piac«,  instead  of  meafiuiing  the  angles 
from  a  meridian  line,  they  are  measured  from  a  reference  line 
running  due  west,  bo  that  the  whole-circle  bearings  of  lines  running 
due  north,  east,  and  south  have  magnitudes  of  90°,  180°,  and  270 
respectively.  The  magnitudes  of  the  angles  when  stated  as 
quadrant  bearings  increase  from  zero  for  the  west  and  east  lines 
to  90°  for  the  north  and  south  lines. 

The  co-ordinates  of  a  point  in  a  survey  are  expressed  vith 
reference  to  a  given  point  of  origin,  as  the  x  and  y  of  the  point, 
the  !/  of  a  point  corresponding  to  its  latitude  in  the  system  pre- 
viously described  and  the  x  to  its  departure.  Algebraical  signs 
are  used  to  distinguish  the  co-ordinates  in  opposite  quadrants; 
thus  values  of  y  in  the  north  quadrants  are  regarded  as  positive, 
those  in  the  south  as  negative ;  values  of  x  in  the  west  quadrants 
are  regarded  as  positive,  those  in  the  east  as  negative.  The 
co-ordinates  are  usually  calculated  from  seven  figure  logarithms 
from  the  following  formulae ; — * 

y  =  distance  x  sin  of  quadrant  bearing. 

X  =  distance  x  cos  of  quadrant  bearing. 

Co-mdlnate  Protraetor. — This  instrument,  which  is  called  a 
trigmiomeier  by  the  makers,  Messrs. 
Keuffel  &  Bsaer  of  New  York,  has 
been  introduced  in  America.  Tt 
consists  of  a  plate  15  inches  square 
(Hg.  89),  divided  into  100  equal 
squares  by  horizontal  and  vertical 
linea.  It  is  provided  with  an  arm 
fastened  with  its  zero  upon  the  zero 
at  one  corner  of  the  ^ate.  It  is 
graduated,  with  the  same  division 
as  the  plate,  to  rea^  distances  from 
the  centre  outwards.  On  the  sides, 
the  plate  has  angular  graduations,  fjg_  gg, 

the  zero  joint  being  the  centre  of 

the  quadrant.  By  moving  the  arm  to  the  given  angle,  the  latitude 
is  at  once  read  oS  on  the  vertical  scale  and  the  departure  on  the 
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horizontal  scale,  for  the  given  length  as  read  on  the  ann.  B,  for 
instance,  B  AC  ia  the  given  angle,  and  AD  the  given  distance,  D  E 
and  D  F  an  the  co-oidinat«s.  The  readingB  are  exact  to  within 
0-1  per  cent.  The  instrument  is  also  of  use  for  calculatii^  the 
bases  and  perpendioulan  o£  inclined  station-lines  in  nune- 
surveys. 

Though  described  in  1886  by  Mr.  E.  0.  Gaertnei  ■  as  a  new 
invention,  this  inBtnunent  was  Itnown  two  hundred  years  pre- 
viously. It  is,  I  find,  described  on  p.  127,  and  figured  on  plate  7 
of  Nicolaus  Voigtel's  Qeomelria  Subterranea,  published  at  filsleben 
in  168& 

Calcolating  Scales.— For  ordinary  practical  work  the  co-ordi- 
nates may  be  determined  with  great  rapidity  by  means  of  the 
slide  rnle.  On  this  rule,  logarithms  of  numbers,  sines,  and 
cosines  are  represented  graphically  in  the  form  of  scales.  The 
instrument  consists  of  a  rule,  having  on  ita  face  a  groove  cut 
throughout  its  entire  length,  in  which  a  second  rule  slides 
smoothly.  The  bearing  and  length  of  a  given  line  being  known, 
ite  depaxture  is  found  by  setting  1  on  the  slide  to  the  length  on 
the  rule,  and  against  the  sine  on  the  slide  will  be  found  the 
required  departure  on  the  rule.  Latitudes  are  found  in  a 
similar  way,  the  cosines  being  read  oB  by  reading  the  sines 
backwards.  To '  avoid  this  operation,  complementary  figures 
may  be  pencilled  along  the  line  of  sines. 

Very  accurate  slide  rules  are  made  by  Grav^t,  of  Paris.  One 
36  centimetres  long  is  accurate  to  one  part  in  500.  Co-ordinates 
of  the  lines  occurring  in  mine-surveys  may  thus  be  determined 
accurately  to  the  first  place  of  decimals.  The  bock  of  the  slide  ia 
divided  for  sines,  tangents,  and  logarithms,  all  of  which  can  be 
read  at  the  back  through  special  openings  without  removing  the 
slide,  or  the  slide  may  be  reversed.  A  sliding  index,  or  cursor, 
is  provided,  which  adds  materially  to  the  power  of  the  instru- 
ment. For  important  theodohte  surveys,  the  slide  role  is  not 
accurate  enough.  For  this  work,  however,  it  saves  much  time 
in  calculatii^  differences  of  logarithmic  sines,  etc.  The  most 
accurate  slidb  rule  available  is  of  the  Grav6t  type  with  the 
graduations  on  celluloid.  Careful  teats  of  this  instrument  show 
that  the  average  error  in  calculating  co-ordinates  is  0-12  per  cent. 
The  errors  are  consequently  inappreciable  'when  the  survey  is 
plotted  to  any  of  the  scales  usually  employed  for  mine-iJans. 

With  the  celluloid  slide  rule,  and  other  rules  of  the  GravM 

type,  the  departure  of  a  given  line  in  the  survey  may  be  found 

*  Tnmt.  Anur.  Intl.  M.S.,  voL  siv.,  p.  180, 1886. 
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"by  placing  the  given  angle  as  shown  on  the  line  of  sines,  agtunet 
the  index  at  the  back  of  the  rule,  and  by  reading  oS  the  number, 
on  the  scale  on  the  face  of  the  slide,  corresponding  with  the  given 
distance,  as  shown  on  the  upper  scale.  The  latitude  is  found  in 
a  similar  way,  the  cosine  being  used  in  place  of  the  sine.  In 
this  way  results  may  easily  be  found  without  calculation,  accurate 
to  the  first  place  of  decimaU.* 

In  the  Govemment  Mining  Offices  on  the  Continent,  calculating 
machines  are  extensively  used  for  computing  the  co-oidinates 
of  mine-surveys.  The  type  of  instrument  generally  used  is  that 
invented  by  H.  Thomas,  of  Colmar,  in  Alsace.  This  instniment 
has  recently  been  improved  by  Mr.  Edmondson  and  by  Mr.  Tate. 
Full  desdiptionB  of  the  three  instruments  are  given  by  Mr.  C.  T. 
B«y8.t 

'llsvwse  Tablet. — Tables  which  show  by  inspection  the  amount 
of  the  latitude  and  departure  for  any  bearing  and  distance  are 
termed  traverse  tables,  because  by  their  aid  the  resolution  of 
traverses  is  effected  without  calculation. 

In  order  to  be  of  any  use  to  the  mine-surveyor,  such  tables 
must  be  calculated  for  every  minute  of  bearing  and  to  four  places 
of  decimals.  These  conditions  are  fulfilled  by  the  tables  calcu- 
lated by  H.  Louis,  J.  T.  BoUeau,  W.  Cxellin,  and  E.  L.  Gurden. 
There  are  several  other  tables  published,  which,  though  well 
arranged,  are  not  sufficiency  in  detail  for  mine-surveying  pur- 
poses. For  example,  the  Inverse  tables  given  in  Chambeis's 
Mathematical  Tables  are  calculated  only  for  every  degree  of 
bearing  to  one  place  of  decimals.  Though  valuable  for  problems 
in  navigation,  they  are  useless  for  mine-aurveying  purposes. 

The  following  example  will  illustrate  the  method  of  using 
Louis'  or  Boileau's  tables,  which  are  calculat«d  for  every  minute 
and  to  5  decimal  places  for  distances  of  1  to  10 ; — Given  the 
bearing  of  a  line,  N.  32"  15'  E.,  and  its  length  1  chain  76  links, 
recmired  its  latitude  and  departure.  Seek  the  table  headed  33°, 
and  from  the  section  15',  take  out  the  latitudes  and  departures 
sepraately  for  the  hundreds,  tens,  and  units,  removing  the  decimal 
point  in  each  case  as  many  places  to  the  right  as  the  figures  in 
each  separated  portion  of  the  distance  exceed  those  in  the  cone- 
sponding  numbers  in  the  tabular  distance  columns.  The  distance 
1  chain  76  links  will  be  separated  into  100,  70,  and  6  links,  and 
the  traverses  for  each  will  be  taken  out  separat«ly,  thus : — 

■  Oottitry  Ouardim,  p.  587, 16S9. 

fJoum.  Soe.  ArU.  toL  xxiiv.,  p.  384,  1S». 
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63-9614 
37-3630 
3-2016 


The  most  accurate  traverse  tablee  published  are  those  com- 
puted by  Hi.  B.  L.  Gurdeu,*  Authorised  Surveyor  for  the 
Govemmenta  of  Kew  South  Wales  and  Victoria.  These  tables 
are  calculated  to  four  places  of  decimals  for  every  minute  of  ai^le 
up  to  100  of  distance,  so  that  the  sines  and  cosines  foe  a  distance 
of  12  miles  may  be  ascertained  correctly  to  within  half  an  inch. 

In  the  example  given  above,  the  latitude  and  departure  are 
found  with  Gulden's  tables,  thus — 

Ecdowd  Bctuing.  DIaMDoe.  L«UMd«.  D«ii«tiin. 

N.  32°  IB'  W.  100  g4'6T2S  533615 

76  64-2763  10-5647 


Only  one  opening  of  the  traverse  tables  is  required.  With 
logarithms,  on  the  other  hand,  the  book  has  to  be  opened  in  four 
places,  two  separate  additions  have  to  be  made,  and  in  taking  out 
natnial  numbers  proportional  parts  have  to  be  resorted  to  in 
order  to  find  figures  of  the  second  place  of  decimals.  The  advan- 
tage of  these  traverse  tables  over  logarithms,  both  as  regards 
simplicity  and  economy  of  labour  in  calculation,  is  thus 
apparent. 

In  important  undertakings  it  will  be  found  advisable  to  calcu- 
late the  co-ordinatea  by  logarithms,  and  repeat  the  calculation  by 
the  traverse  tables,  so  as  to  obtain  an  independent  check  and 


If  the  traverse  tables  are  employed  for  calculating  co  ordinatea 
by  the  South  African  method,  it  should  be  noted  that  the 
departure  columns  give  the  figures  for  y  and  the  latitude 
columns  those  for  x,  as  the  corresponding  quadrant  bearings  are 
the  complements  of  those  in  the  general  memod. 

FlotH:^  Trlangnlatlon  Surveys. — The  aides  of  the  triangles 
having  been  computed,  the  plotting  may  be  carried  out  in  the  same 
way  as  that  of  the  main  lines  of  a  chain-survey  (sec  p,  213  a 
seq.).  The  accuracy  of  the  plotting  by  this  method,  however, 
is  not  consistent  with  the  accuracy  of  the  field  work  in  the  case 
•  Pnbliahed  b;  ChoilM  GnfOn  &  Co.,  Ltd. 
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of  triangulation  Baive)rg,  and  it  is  advisable  to  use  the  method  of 
co-ordinates. 

Cakmlatliig  the  Co-ordinates  ot  a  Triangulation.— This  may 
be  performed  in  several  ways.  Having  computed  the  sides,  the 
exterior  lines  of  the  triangulatioii  may  be  considered  aa  a  closed 
traverse,  the  azimuths  in  which  are  determined  from  the  observed 
angles..  The  co-ordinates  are  calculated  from  aeven-figuTe  log- 
arithm tables,  the  logarithms  of  the  distances  beii^  uie  same 
as  those  obtained  in  computing  them  previously,  and  the  point 
of  origin  should  be  selected  in  such  a  way  that  the  total  co- 
oidinates  have  either  all  positive  or  all  negative  values.  The 
total  co-ordinates  having  been  adjusted  for  any  closing  erroi, 
the  co-ordinates  of  the  interior  points  in  the  triangulation  may 
be  calculated  by  considering  them  as  stations  in  connectiiu 
traverses  between  convenient  exterior  stations.  Thus  in  South 
Afnca,  where  triangulation  is  exclusively  used  for  surveys  of 
mine  concessions,  it  ia  usual  tb  plot  by  co-ordinates.  For  the 
calculations  necessary,  C.  L.  H.  Max.  Jurisoh's  "  Tables  ot 
natural  sines  and  cosines  to  seven  decimal  figures  of  all  angles 
between  0°  and  90°  to  every  10  seconds  with  proportional  parts 
for  single  seconds  "  (Cape  Town,  ISSi),  are  chiefly  used.  The 
problem  occurring  is  as  follows  :— Given  the  co-oidinates  of  two 
points,  P  and  Q,  the  angles  of  direction  z  F  Q  or  z  Q  F,  the 
distance  F  Q  and  by  observation,  the  angles  of  the  triangle 
P  Q  E ;  required  the  co-ordinates  of  E.  From  the  given  data 
the  distance  F  E  and  Q  E  and  theii  angles  of  direction  z  F  R 
and  z  Q  R  may  be  calculated. 

Consequently — 

PRsinzFE=y-  distance  of  R  from  P  =  i  y 
PRcoszPR=z  —  distance  of  R  ffom  F  =  A  z 
QRsinzQE  =y  ~  distance  of  E  from  Q  =  A'  z 
QRcoszQE  =z~  distance  of  E  from  Q  =  A'  z 
yofP  +  Ay  =yotE;zofP4-Az  =  zofR 
y  of  Q  +  A'y   =  !/  of  E ;  z  of  Q  -f-  A'z  =  a:  of  E. 

It  is  usual  to  calculate  the  co-ordinates  of  E  from  both  equa- 
tions, in  order  to  have  a  check  on  the  calculations.  In  these 
equations,  the  co-ordinate  drawn  from  any  point  parallel  to  the 
vertical  or  v  axis  is  briefly  called  the  y  of  that  point,  and  the 
other  co-or£nate  is  called  the  z  of  that  point. 

The  following  example,  given  by  Leopold  Mazquatd  ("  Co- 
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ordinate  Geometry,"  Cape  Town,  1882),  will  illustrate  the  mAnner 

in  wMch  tlie  calculations  are  made : — 
lines.  C»p«  Roods.  Angle*. 
Given  AB  =  41-26  ABC=+  69'64' 
BC  =  37-98  B  C  D  =  +  134°  44' 
C  D  =  66-46  C  D  B  =  -  47°  12' 
D  E  =  118-30  D  E  F  =  -  87"  03' 
E  F  =  167-75  E  F  G  =  +  277°  13' 
FG  =148-56 

Beqnired  the  co-ordlnateB  of  A,  B,  C,  D,  E,  F,  G. 

!nie  line  AB  having  been  selected  as  x  axis  and  B  as  the 
origin,  we  have — 

yofA  =  0;  asofA=+BA  =  +  41-26 
yofB  =  0;a;olB  =        0 

Angle  X  B  C  =  69°  54',  to  this  is  added  B  C  D  =  +  134°  44'- 
and  bom  the  sum  180°  is  subtracted.  WKbd  the  angle  of  inter- 
section of  two  lines  and  the  angle  of  direction  of  one  of  them  is 
known,  the  angle  of  direction  of  the  other  is  found  thus : — When 
the  two  angles  have  the  same  vertex,  their  algebraical  sum  is 
the  required  angle  of  direction,  and  when  they  have  different 
vertices,  their  algebraical  sum,  either  diminished  or  increased 
by  180°,  as  may  be  most  convenient,  will  be  the  required  angle 
of  direction.    Consequently — 


Angle 
Add 


XCD=      24°  38' 

CDE  =  -47°12'andaddl 


Then  XDE=      157° 26' 

Add    D  BF  =  -   87°  03'  and  add  180°. 


Then  XBF=      250° 23' 

Add    E  FG  =  +  277°  13'  and  subtract  180°. 


Then  XFG™      347°  36'. 
!to  determine  the  co-ordinates  of  C  :— 

l(^BC(37-98)  =  1-5795560  logBC    =1-5795550 

I<^  ein  X  B  C  (69°  64')  =*  9-9727092       log  cos  X  B  C=9-5361286 

1-5522642  1-1166836 

y  of  C  =  +  36-67  z  oi  C  ~  +  13-06 
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Similarly  the  co-ordinates  of  the  other  points  will  be  found  to 
be  as  ioUows : — 


V 

- 

D 
E 

F 
Q 

+    63-37 
+  108-77 

-  49-24 

-  81-U 

+  73-49 
-36-78 
-  92-10 
+  B2-98 

CoDTenient  fonuB  for  keeping  the  field-book  and  for  noting 
the  calculations  have  been  dniwn  up  by  Mr.  6.  A.  Troye.* 

The  co-oidinates  may  also  be  calculated,  u^ng  the  obeerved 
angles  and  the  base-line  measurement  as  the  data  without  pre- 
viously computing  any  of  the  other  sides.  The  formulte  generally 
used,  as  also  their  application  to  traverse  tables,  are  given  in 
Louis'  and  Caunt's  "  Traverse  Tables  "  (see  footnote  on  p.  227). 
*  Tnuu.  Inat.  Min.  and  Mtt.,  vcd.  is.,  1901,  p.  120. 
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Planx-Tablb  Subteyinq. 

Prindples. — Plane-table  garveyiiig  is  a  system  applied  to  traTeTsing 
or  tiiangulation  in  which  the  methods  employed  differ  funda- 
mentally irom  those  already  described,  in  that  the  directions  of 
(he  lioea  in  the  survey  are  deteimined  graphically  instead  of  by 
circular  measurement.  The  plotting  of  the  survey  is  usually 
carried  on  concurrently  with  the  operations  involved  in  the 
field  measurements,  the  resulting  plan  being  the  only  complete 
record  of  the  survey. 

The  Plane  Table.*-~This  instrument,  which  was  invented  in 
1690,  oonsista  of  a  dxawii^  board,  fitted  to  a  tripod  provided 
with  a  levelling  aixangement,  and  is  so  mounted  that  it  can  be 
rotated  in  a  horizontal  plane,  a  clamp  being  provided  for  checking 
the  movement  when  desired.  The  size  of  the  board  varies  con- 
siderably, a  convenient  sise  for  most  purposes  being  about 
15"  X  12". 

In  connection  with  the  table  a  sighting  arrangement  known 
as  an  alidade  is  used,  which  in  its  simplest  form  consists  as  shown 
it)  Fig.  90  of  A  flat  scale,  fitted  at  either  end  with  sight-vanes 
idmilar  to  those  need  on  dials.  An  alidade  of  this  description  id 
quite  efficient  for  many  purposes,  but  much  more  elaborate  forms 
are  obtainable.  In  most  of  them  the  sight-vanes  are  replaced 
by  a  telescope,  and  a  vertical  circle  for  measuring  vertical  angles 
is  provided,  thus  increasing  the  range  of  application  of  this 
system  of  surveying,  as  not  only  can  distances  measured  on 
sloping  ground  be  accurately  represented,  but  the  elevations  of 
the  various  points  can  be  determined  and  used  for  patting  in 
contour  lines.  As  applied  to  the  plane  table,  the  principal  advan- 
tage of  a  telescope  is  the  means  it  affords  of  determining  distances 
optically,  thereby  considerably  increasing  the  rapidity  of  worldng 
(see  Chapter  XYIII.].    An  alidade  worthy  of  special  notice  is  that 

*  Consult  J.  Pierce's  paper  on  the  eoonomio  n«e  oE  (he  pUna  table,  Jf  in. 
Ptoe.  Irut.  O.K.,  voL  (oU.,  1888,  p.  187. 
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designed  by  Mr,  H.  S.  Gale,  of  the  Unitrd  States  Geolc^ical 
8ur\'ey,  and  manulactured  by  the  Bausch  and  Lomb  Optical 
Company,  in  which  a  fixed  prismatic  eye-piece  for  observing  from 
above  is  used ;  this  should  be  a  very  useful  innovation,  as  on 
occasions  it  is  extremely  difKcult  to  take  observations  with 
telescopic  ^idadea  provided  with  the  nsual  form  d  eye-piece. 


Fig.  90. 


The  general  appearance  of  a  telescopic  alidade  of  modem  con- 
struction is  very  similar  to  that  of  the  instrument  shown  in 
Fig.  94.  In  this  case,  however,  the  sighting  airangem^nt  is  simply 
a  tube. 

For  centring  the  table  over  a  given  station  a  special  form  of 
plummet  suspender  for  attaching  the  plummet  directly  below 
any  desired  point  on  the  board  is  necessary,  as  it  is  not  usually 
the  centre  of  the  board  which  has  actually  to  be  centred,  but 
the  point  on  it  which  represents  the 
station.  A  very  convenient  form  of 
clip  for  the  purpose  is  shown  in  Fig.  91. 
When  in  use  the  clip  is  fixed  on  the 
table  so  that  the  point  of  the  V  is  at 
the  point  on  the  paper  which  has  to  be 
centred. 

The  levelling  of  the  table  is  usually 
performed  with  the  aid  of  a  detach- 
able spirit-level,  the  circular  forms  being  very  convement. 

The  attachment  of  the  paper  to  the  board  may  be  made  by 
means  of  ordinary  drawing  pins,  but  some  form  of  spring  or  screw 
dip  will  usually  be  found  more  convenient  in  case  of  the  alidade 
eomii^  into  such  a  position  as  to  neoessttate  the  temporary 
detachment  of  the  pin  or  clip  at  one  or  other  of  the  oi 


Big.  91. 
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Travsning  with  the  Plane  Kible. — The  nsosl  method  ot  -pro- 
oediue  may  be  explained  with  leference  to  Fig.  92,  in  which  the 
points  A,  B,  C,  and  D  lepreaent  the  Btations.  The  table  is  set 
up  at,  say,  statioo  A ;  in  practice  the  point  on  the  paper  repie- 
senting  the  starting  point  would  be  fixed  first,  aM  the  point 
transferred  to  the  ground  by  means  of  the  plummet.  After 
levelling  the  board,  it  is  rotated  so  that  the  paper  occupies  the 
most  advantageone  position  from  the  point  of  view  of  keeping 
the  Borvey  aa  central  as  possible  on  the  paper,  the  position  of 
the  starting  point  being  also  chosen  to  effect  the  same  object. 
The  board  having  been  clamped,  a  fine  steel  pin  or  needle  is 
pushed  into  the  paper  at  the  starting  point,  and  using  this  aa 
a  pivot,  the  alidade  is  turned  until  a  signal  pole  placed  at  D  is 
intersected  by  the  cross-wires.  A  line  is  then  drawn  with  the 
edge  of  the  alidade  from  the  starting  point  in  the  direction  of  D. 
The  alidade  is  then  directed  towards  B,  and  sgain  using  the 
needle  at  the  starting  point  as  a  pivot,  the  alidade  is  set  so  that 
the  cross-wires  intersect  a  signal  at  B.  A  line  is  drawn  from  the 
starting  point  towards  B.  The  position  of  the  alidade  should 
nlsu  be  marked  by  means  of  a  second  steel  pin  pushed  into  the 
board  aa  near  to  the  edge  of  the  paper  as  possible,  so  as  to  form 
(ho  longest  available  bearing  for  setting  the  alidade  when  obserV' 
iug  the  back-oght  at  the  next  station.  The  distances  from  D  to  A 
and  from  A  to  B  having  been  measured  by  means  of  a  chain  Ot 
tape,  they  are  plotted  ofi  along  the  corresponding  lines  either 
by  means  of  the  scale  on  the  alidade  or  an  ordinary  {Jotting 
scale.  The  table  is  now  removed  to  station  B,  leaving  a  signal 
pole  at  A.  It  is  set  up  with  the  aid  of  the  special  plummet  sus- 
pender, which  is  set  so  that  the  point  of  the  V  coincides  with 
the  mark  on  the  paper  conespouding  to  station  B.  In  order 
that  the  centring  shall  not  be  sensibly  disturbed  when  taking 
the  back-sight  subsequently,  it  is  advisable  to  keep  the  line 
representing  AB  on  the  paper  as  .nearly  as  possible  in  tine  with 
A,  so  that  a  very  slight  movement  will  suffice  for  the  final  setting. 
The  centring  having  been  completed,  the  clamp  is  released,  and 
having  set  the  alidade  in  contact  with  the  two  pins  inserted  at 
the  previous  station,  the  table  itself  is  turned  until  the  cioss' 
vnies. intersect  the  signal  at  A.  The  clamp  is  tightened  and  the 
pins  taken  from  the  paper,  one  of  them  being  re^inaerted  at  the 
point  corresponding  to  station  B,  and  using  this  as  a  pivot,  the 
ught  to  C  is  taken  in  the  manner  described  for  fixing  station  B. 
The  distance  B  C  is  measured  and  plotted,  and  the  instrument  ia 
removed  to  C  foi  the  purpose  of  taking  a  check  sight  to  D. 
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OSaetB  may  be  taken  from  the  traverse  lines  and  plotted  as 
the  survey  proceeds ;  if  they  are  very  numerous  they  should  be 
entered  on  separate  sheets  for  the  different  lines,  the  sheet  for 
each  line  being  handed  as  completed  to  the  table  operator,  who 
can  proceed  with  the  plotting  as  the  chaining  and  offsetting  of 
the  next  line  is  being  carried  oi\ 

It  w^jl  be  seen  that  the  method  of  traversing  with  the  plane- 
table  is  analt^ous  to  the  continuous  reading  method  of  fised' 
needle  traversing. 

Trfangulatlon  witii  tiie  Plane  l^ble.— The  plane  table  is  rarely 
used  for  making  extended  triangulation  surveys,  its  use  in  this 
connection  being  mainly  confined  to  the  fixing  of  points  for  filling 
in  the  detail  of  an  area  surveyed  with  the  theodolite  either  by 
traverdng  or  triangulatioiL  The  procedure  may  be  illustrated 
by  taking  the  same  stations  as  in  the  previous  case,  the  points 


mg-SZ. 


Fig.  93. 


for  C  and  D  beii^  assumed  for  this  purpose  to  be  both  visible 
from  A  and  B.  The  line  A  B  is  tahwi  as  the  base  line  which  has 
been  measured. 

The  table  is  set  up  at  A,  the  position  of  the  starting  point 
having  been  selected  as  before  and  the  table  clamped.  A  pin 
is  pushed  into  the  starting  point  and  sights  taken  with  the  alidade 
to  D,  C,  and  B,  corresponding  lines  being  drawn  on  the  paper  and 
distinguished  by  lettering.  The  distance  of  A  B  is  plotted  oS 
and  the  table  removed  to  station  B.  It  is  centred,  and  the  alidade 
having  been  set  to  the  line  AB  the  table  is  rotated  until  the  cross- 
wires  intersect  the  signal  at  A.  It  is  then  damped  and  sights 
taken  by  turning  the  alidade  till  the  cross-wires  intersect  the 
signals  at  C  and  D  successively,  corresponding  lines  again  being 
drawn.     The  intersections  with  the  previous  lines  represent  the 


,.  Google 


240  HINE-SnKTEYITfa. 

positions  of  tte  respective  Htationa  in  the  survey,  m  will  be 
evident  from  Fig.  93- 

The  method  of  triangulatton  ia  in  practice  usually  combined 
with  that  of  traversing,  and  for  filling  in  the  detail  of  a  triangu- 
latioD  survey  very  satisfactory  results  can  be  obtained  by  travers- 
ing between  the  main  stations,  locating  well-defined  points  fiom 
the  traverse  stations  and  sketching  in  the  detail  betiveen  the 
well-defined  points. 

Correlation  of  Flane-Table  Surreys.— Pot  the  purpose  of  trans- 
ferring plans  made  by  plane-tabling  to,  say,  a  general  plan  of  a 
royalty,  it  is  necessary  to  determine  the  directions  of  the  lines 
with  reference  to  a  common  standard  direction.  When  the 
magnetic  meridian  ia  the  standard  of  direction  the  correlation 
is  very  readily  made.  A  trough  compass  is  generally  used  for 
the  purpose,  and  one  constructed  with  one  of  the  longer  sides 
of  the  box  accurately  parallel  with  the  central  axis  ia  necessary. 
The  meridian  may  be  drawn  on  the  plan  at  any  station  free  from 
local  disturbance.  The  trough  cgmpass  is  laid  down  after  a  back- 
sight to  bring  the  board  into  the  correction  poaition  for  pro- 
ceeding with  the  usual  sighting  has  been  taken,  and  the  table 
has  been  clamped  ;  the  needle  of  the  compass  is  set  free  to  osdl- 
late,  and  the  box  is  then  turned  gently  round  until  the  needio 
coincides  with  the  zeros  of  the  at^es  at  either  end.  A  line  is 
then  drawn  on  the  plan,  using  the  "  true  "  side  of  the  box  as  a 
Etnught  edge,  and  ustinguishing  the  north  end  in  some  charac- 
teristic manner. 

If  the  general  plan  is  not  referred  to  the  magnetic  meridian, 
it  is  advisable  to  start  the  [dane-table  survey  from  one  end  of 
a  line  which  has  been  determined  by  the  general  survey.  After 
the  table  ha.i  been  set  up  and  clamped  a  sight  is  taken  to  a  signal 
on  the  line  to  obtain  its  rej^sentation  on  the  paper,  the  starting 
point  for  the  plane-table  survey  being  at  some  point  on  this 
direction  line  so  obtained. 

The  transference  of  the  plane-table  siirvey  is  efiected  by  making 
a  tracing  and  bringing  the  direction  line  on  the  latter  to  coincide 
with  the  corresponding  direction  line  on  the  general  plan,  the 
starting  point  also  being  brought  to  coincide  with  its  known 
poailaon. 

Occasionally  it  may  be  desirable  to  start  the  plane-table  survey 
from  an  unknown  point,  in  which  case  data  to  fix  the  starting 
pdnt  with  reference  to  known  points  must  be  obtained ;  this 
is  generally  done  by  lining  and  measuring.  The  following  method 
will  sometames  be  found  useful  where,  say,  three  triangulation 
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stations  can  be  seen  from  the  point  at  which  it  is  desired  to  start 
the  plane-table  survey.  The  plane  table  is  set  up,  and  after 
clamping  in  position  the  startii^  point  on  the  paper  is  selected, 
and  from  it  sights  are  taken  in  turn  to  each  of  the  three  known 
stations,  corresponding  lines  being  drawn  and  distinguished  by 
letterii^.  The  survey  is  then  continued  in  the  usual  manner. 
To  locate  the  starting  point  on  the  general  plan,  the  transferring 
tradng  on  which  the  three  lines  referred  to  are  also  dhiwn,  is 
laid  on  the  plan  and  manipnlated  go  that  the  three  lines,  pro- 
duced if  necessary,  simultaneously  intersect  the  corresponaing 
triangnlation  stations  on  the  plan.  When  this  condition  la. 
fulfilled  the  starting  point  is  located,  and  moreover  the  whole 
tracing  is  in  its  correct  relative  position,  and  can  be  transferred 
forthwith.  This  method  of  locating  the  starting  point  is  not 
possible  when  the  four  points  involved  lie  on  the  circumference 
of  a  circle,  and  is  only  admissible  when  the  conditions  are  widely 
dive^ent  from  this. 

Undei^imd  Surveying  with  the  Plane  Table.— Provided  that 
the  workings  are  not  too  wet  or  unusually  cramped,  underground 
snrveying  can  be  performed  equally  well  with  the  plane  table 
as  with  the  miner's  or  vernier  dial,  with  the  advantage  that 
beyond  the  making  of  a  transferring  tracing  the  surveyor's  work 
is  completed  when  he  leaves  the  mine,  and  there  need  be  no 
question  of  the  accuracy  of  the  survey  or  of  the  omission  to  make 
or  note  some  indispensable  measurement,  necessitating  a  partial 
or  entire  repetition  of  the  survey.  Plane-tabling  is  not  suggested 
as  a  method  for  replacing  the  theodolite,  but  as  a  means  of 
expeditiously  surveying  between  points  determined  by  the  use 
of  the  latter  instrument,  it  is  worthy  of  considerably  greater 
attention  than  it  has  hitherto  met  with  in  general  mine-surveying:. 

Before  the  introduction  of  the  theodolite,  the  plane  table  was 
largely  used  for  mine-surveying  in  Sweden,  where  the  magnetio 
nature  of  the  iron  ore  deposits  renders  the  compass  useless  for 
surveying  purposes. 

In  surveying  mines  in  that  country,  the  surveying  instrument 
used  consists  of  a  sighting-tube  attached  to  an  alidada-mle,  «,  6 
(Fig.  9i),  provided  with  a  tube,  c,  and  a  vertical  graduated  circle, 
d,  both  fastened  to  one  and  the  same  horizontal  axle,  in  such  a 
manner  that  the  tube  can  move  in  the  vertical  plane  which 
passes  through  one  edge  of  the  alidade,  a  h. 

This  sighting- tube,  in  surveying,  is  placed  on  a  plane  table 
fixed  to  a  tripod  frame,  which  at  the  top  consists  of  a  round 
brass  ring,  a  (Fig.  95),  whose  upper  edge  is  [dane  turned  and 


D,3,tzer.byGOOgle 


potiBhed.    In  the  interior  <^  the  ling  is  fitted  a  round  wooden 
disc,  b,  supported  by  the  screws  c,  and  adjusted  by  the  aorewB  d. 
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in  Buch  a  manner  that,  when  drawing-paper  of  somewhat  snudler 
dimensioDB  than  the  wooden  diec  U  glued  fast  on  the  upper 
surface  of  the  disc,  the  disc  surface  thus  covered  is  close  under 
the  upper  edge  of  the  brass  ring. 

In  survejing,  at  least  two  plane-tables  are  always  used.  From 
each  station  the  immediately  preceding  and  immediately  following 
station  is  sighted,  as  well  as  all  the  fixed  points  situated  between 
these  stations  and  the  contour-points  in  the  excavation  which 
is  being  surveyed. 

In  surveying  station-points  and  fixed  points,  the  lines  of  sight 
an  marked  on  the  paper  on  which  the  distance  and  the  angle  of 
the  lines  to  the  horuontal  plane  are  noted.  The  contour-points 
are  marked,  with  the  help  of  a  scale,  direct  on  the  paper,  after 
the  distance  to  them  from  the  station  has  been  determined.  The 
plan  of  the  mine  is  then  made  by  combining  all  these  difieient 
observations. 

This  method  of  surveying  has,  according  to  Professor  Q. 
Nordenstrom,*  been  in  use  in  Sweden  for  more  than  150  years. 
During  the  last  thirty  years  many  improvements  have  been 
made  in  these  instruments,  and  since  steel  tapes  have 
come  into  use  in  all  more  important  surveys,  very  excellent 
resulte  have  been  attained  by  this  method.  Tlie  instrument  is 
also  much  more  convenient  to  use  than  a  theodolite  in  excava- 
tions of  the  form  which  ia  common  in  Swedish  mines. 

Prospecting  Surveying  with  the  FIan«  Table.— As  far  as  mine- 
survejring  is  concerned,  this  is  at  present  probably  the  most 
important  application  of  the  plane  table.  For  this  class  of  work 
a  plane  table  about  12"  X  9",  mounted  on  a  telescopic  camera 
stand,  is  very  suitable.  The  table  should  be  provided  with 
rollers  at  the  end  for  the  reception  of  a  long  strip  of  thin  but 
tough  drawing  paper,  fresh  sections  of  the  strip  being  brought 
into  use  as  required.  Provision  should  be  made  for  clamping 
the  rollers  so  that  the  paper  on  the  board  can  be  kept  taut.  The 
use  of  a  light  telescopic  alidade  fitted  with  subtense  wires  and 
used  in  conjunction  with  a  collapsible  levelling  stafi  opening 
out  to,  say,  6  feet,  renders  a  very  rapid  rate  of  working  attainable, 
combined  with  an  accuracy  that  is  not  usually  associated  with 
any  form  of  compass-surveying  for  the  same  purpose.  An  outfit 
such  as  described  bos  been  found  very  satisfactory  for  the  mapping 
of  extensive  magnetio  iron-ore  deposits  in  Scandinavia,  the 
surveys  being  very  rapidly  conducted,  and  resulting  in  remark- 
ably accurate  plans,  embodying  the  fullest  desirable  information. 
'JourmU  of  O*  Iron  oimI  SUei  /mMvK,  vd.  Uv.,  1808,  p.  68. 
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The  avoidance  of  complicated  field  notes  is  in  itself  sufficient 
to  commend  this  method  for  prospecting  woit. 

Combined  Surveying  and  Plottiiig  iDsbiunent—Heiideraoit's 
rapid  traveiser  is  based  on  the  plane-tabie  system  of  aurveTing. 
By  its  aid,  nndergBToond  or  surface  surveys  can  be  made,  and  the 
resalts  laid  down  on  paper  with  very  great  rapidity.  Unlike 
the  plane  table,  however,  it  is  not  intended  that  the  rapid 
traverser  should  be  used  for  plotting  the  survey  in  the  field, 
this  being  done  in  the  drawing-office,  with  the  aid  of  a  parallel 
rolling  ruler  and  scale. 

The  instnunent  consists  of  a  circular  metal  table  of  about 
10  inches  diameter,  mounted  on  an  ordinary  tripod  stand,  with 
the  usual  adjusting  screws.  It  is  provided  with  a  brass  alidade, 
with  an  ordinary  sight  at  each  end,  revolving  round  a  fixed 
centre  pin.  XJpon  the  face  of  the  table  a  disc  of  celluloid  is 
screwed,  and  over  this  the  alidade,  by  means  of  a  groove,  can 
travel  freely.  The  disc  is  divided  into  five  or  more  concentric 
rings  marked  on  the  celluloid,  and  the  feather-edge  of  the  alidade 
is  ^so  divided  1^  means  of  a  rectangular  notch  at  each  ring,  for 
the  purpose  of  pencilling  on  the  disc  the  line  observed.  By 
means  of  clamping  screws,  similar  to  those  at  the  circumfeientor, 
the  disc  can  be  clamped  to  the  stand,  and  the  alidade,  with 
sights  attached,  to  the  table  when  required. 

In  traversing,  the  instrument  is  kvelled  and  the  alidade  is 
sighted  back  to  the  starting  point  of  the  survey.  Both  the 
alidade  and  the  table  are  then  securely  clamped.  The  direction 
of  this  first  line  of  the  survey  is  marked  with  a  finely  pointed 
HW  pencil  on  the  selected  ring  of  the  disc,  at  two  points  equi- 
distant from  the  centre,  and  duly  lettered  or  figured  within  the 
noteh  cut  in  the  feather-edge  of  the  alidade.  Three  tripods  are 
used.  Each  of  the  two  spare  ones  carries  a  candle-holder  with 
levels  attached,  a  white  card  replacing  the  candle  in  surface 
surveys.  The  alidade  is  next  undamped,  sighted  to  the  forward 
tripod,  and  clamped,  the  direction  of  the  second  line  being 
marked  on  the  celluloid  as  before.  The  instrument  is  then  re- 
moved from  its  tripod  and  fixed,  with  the  alidade  still  clamped,  on 
the  forward  stand,  and  sighted  back  to  the  position  it  previously 
occupied  and  clamped.  This  having  been  done,  the  alidade  is 
undamped,  sighted  to  the  next  forward  station,  again  clamped, 
and  the  direction  marked  as  before,  the  process  being  repeated 
for  the  remainder  of  the  traverae.  The  magnetic  meridian  is 
taken  at  any  convenient  spot  in  the  course  of  the  traverse  by 
means  of  a  trough  compass  j^aced  temporarily  against  the  back 
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edge  of  the  alidade.    The  line  thus  given,  pencilled  on  the  disc, 
establishes  the  orientation  of  the  whole  of  the  survey. 

The  sights  of  the  alidade  ore  graduated  to  give  angles  of 
depression  or  elevation  up  to  25°.  Thus,  the  instrument  suffices 
for  the  majority  of  collieries,  for  the  levels  of  metalliferous 
mines,  and  for  all  ordinary  surface  surveys.  Where  greater 
accuracy  in  vertical  angles  is  required,  as  in  inclined  shafts, 
a  vertical  semicircle  is  attached  to  the  alidade,  and  the  angles 
read  as  with  the  theodolite. 

Id  plotting  the  survey,  the  celluloid  disc  is  unscrewed  from  its 
circular  table  and  placed  with  the  north  line,  that  has  been 
marked  on  it,  in  its  proper  position  on  the  meridian  line  drawn 
on  the  intended  plan.  A  rolling  parallel  ruler  is  then  applied 
to  each  line  of  the  survey  in  succession  as  shown  on  the  disc, 
and  marked  o5  on  the  plan.  In  a  large  survey,  the  disc  may  be 
moved  to  any  meridian  line  as.  rec[uired.  For  future  reference, 
the  disc  itself  may  be  preserved  with  the  name  and  date  of  the 
survey  recorded  on  it,  or,  if  necessary,  the  magnetic  bearings 
may  be  read  ofE  with  the  aid  of  a  pratractor  and  booked,  when 
the  celluloid  disc  may  be  cleaned  for  future  use. 

This  instrument  has  been  successfully  used  by  the  inventor, 
Mr.  James  Henderson,  in  numerous  surveys  of  Cornish  mines, 
notably  at  "West  Wheal  Frances,  at  Redruth.  In  November, 
1892,  it  was  dedded  to  put  out  a  cross-cut  south  from  the 
171-fathom  level  so  as  to  come  under  the  perpendicular  portion 
of  Bailey's  shaft,  which  was  perpendicular  only  as  fax  aa  the 
60-fathom  level,  and  then  went  oS  to  the  south  following  the 
underlie  of  the  lode.  After  tne  cross-cut,  which  was  20  fathoms 
in  length,  had  been  driven,  a  rise  had  to  be  carried  up  through 
some  55  fathoms  of  ground  to  the  bottom  of  the  perpendicular 
portion  of  Bailey's  shaft.  In  order  to  do  this,  the  relative  position 
of  the  two  pointe  was  determined  by  surveying  down  80  fathoms 
of  the  inclined  portion  of  the  shaft  to  the  winze  to  the  174-fathom 
level,  the  total  distance  of  levels  surveyed  amounting  to  300 
fathoms,  and  the  number  of  stations  required  being  fifty-three. 
The  perfect  holing  on  October  17,  1893,  affords  a  guarantee  of 
the  adaptability  of  this  instrument  to  complicated  unde^round 
surveys. 

An  ingenious  combined  surveying   and  plotting   instrument 

has  been  devised  by  Mr.  T.  Fei^uson  •  in  the  form  of  a  separate 

flat  box  adapted  for  fixing  to  the  handle-bar  of  a  bicycle,  with 

which,  whether  ridden  or  trundled,  the  trace  of  the  route  can  be 

'  Alttonuitie  Siirxtj/tng  InatramttUt,  Londoo,  IB04,  p.  37. 
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made  to  develop  ac  quickly  aa  one  proceeda.  This  oyclograph 
should  prove  of  great  value  to  the  prospector,  besides  being 
useful  for  filling  in  detail  in  triangulation  surveys.  In  the  fiat 
box  fixed  horizontally  to  the  handle-bar  of  a  bicycle  is  contained 
A  sheet  of  drawing  paper,  which  can  be  kept  in  constant  orienta- 
tion by  adjuBlang  meridian  lines  ruled  on  its  surface  parallel  to 
a  compasB-needle  mounted  about  10  inches  above  the  box.  As 
the  bioyole  moves,  the  sheet  of  paper  is  gradually  displaced  is  a 
backward  direction,  and  a  small  ink-roller  pressing  on  the  paper 
ma^B  a  line  in  a  forward  direction.  As  the  course  changes  in 
direction  a  Bim|de  manipulation  maintains  parallelism  between 
the  paper-meridians  and  the  compass-needle,  and  a  facsimile  of 
the  path  followed  develops  under  the  eyes  of  the  observer. 
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CHAPTER  XV. 

Calodiation  07  Abeas. 

8  ot  Ana. — The  area  of  mine- royalties  and  of  coal  wrought 
is  usually  expressed  in  acres.  The  stalvie  acre  is  equal  to  10  squ&ra 
diains  or  100,000  square  links.  It  is  sub-divided  either  decimally 
or  into  4  roods  of  1,210  square  yards,  and  160  perches  of  30^  squate 
yards.    One  square  mile  is  equal  to  6^  acres. 

In  order  to  reduce  square  links  to  acres,  roods,  and  perches, 
divide  by  100,000  by  cutting  o£E  five  fignres  to  the  right  hand. 
The  figures  renuuning  to  the  left  will  be  acres.  Multiply  the 
remainder  by  4 ;  the  whoU-number  remaining  will  represent 
roods.  Multiply  the  remaining  fraction  by  40 ;  the  figures  beyond 
the  decimal  point  will  be  perches.  The  nearest  round  number  is 
usually  taken ;  fractions  less  than  half  a  perch  being  disregarded. 

The  metric  unit  of  land  measure  is  the  hectare  of  10,000  square 
metres.    This  is  equal  to  2-4711  acres. 

Three  methods  of  measuring  areas  are  employed :  the  method 
of  triangles,  the  method  of  ordinates,  and  the  mechanical  method. 

1.  Method  of  Triangles. — The  areas  of  the  separate  triangles 
in  a  survey  made  with  the  chain  or  by  triangulation  can  be  cal- 
culated from  the  measurements  in  the  field  notes  by  using  one 
or  other  of  the  following  formulffl,  in  which  the  respective  sidea 
are  designated  by  the  small  letters,  a,  b,  and  c,  and  the  angles 
opposite  to  them  by  the  corresponding  capitals. 

Given  the  three  sides  A  =  y/a{s  —  o)  (a  —  b)  (»  —  c).  (In  this  for- 
mvia  s  =  the  semi-perimeter  of  tha 
triangle.) 

Oiven  two  sides  and  the  induded  angk  A  =  — ^ — . 

Qiven  one  side  and  two  adjaoaU  angles  A  =  -„    .   ,„'  ,  ;-■-■ 
Zain[lS  +  L,} 

The  areas  of  the  separate  triangles  having  been  foimd,  the  total 
area  included  by  the  exterior  lines  of  the  main  system  of  triangles 
is  found  from  the  sum  of  the  separate  triangles.  The  area  between 
the  lines  referred  to  and  the  boundary  itself  may  be  determined  in 
some  cases  by  the  method  of  ordinates  from  the  field  measaiemente 
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and  added  to,  ot  subtracted  from,  tbe  previous  total  as  may  be  re- 
quired. In  otter  cases  it  is  more  convenient  to  calculate  the  area 
at  this  portion  of  the  survey  from  messuiementa  on  the  plan  after 
{dotting. 

In  Bo«liiig  plana  for  calculating  areas  tbe  {dotting  scale  used 
for  making  the  plan  should  be  uwd,  making  tdlowances,  if  neces- 
sary, for  tne  contraction  or  expansion  of  the  paper  by  comparing 
the  plotting  scale  with  that  drawn  on  the  plan  at  the  time  it  was 
made.  In  dealing  with  plans  for  which  no  correspondii^  plotting 
scale  is  available,  the  simplest  procedure  is  to  scale  up  from  a 
scale  of  inches  and  calculate  to  square  inches  of  area  on  the 
plan,  then,  after  finding  by  calculation  the  area  that,  say,  1  square 
inch  of  plan  represents  on  the  ground,  the  conversion  is  simple. 

For  ^e  calculation  of  areas  from  plans  by  the  method  of 

tangles  the  formula  in  universal  use  is  A  =  -~,  in  which  a  is 

any  side  of  a  triuigle  and  p  the  perpendicular  let  fall  from  the 
opposite  angle  on  to  the  side,  or  on  to  the  side  produced  ;  calcu- 
lations can  readily  be  checked  by  repetition,  using  a  different 
side  and  the  corresponding  perpendicular  for  the  second  calcula- 
tion. The  area  on  the  plan  is  divided  up  into  triangles  and  per- 
pendiculars drawn.  The  triangles  are  numbered  to  facilitate 
reference,  and  it  is  advisable  to  enter  lightly  in  pencil  on  the  plan 
the  measurements  obtained  in  the  scaling.  Time  is  saved  in  the 
calculations  by  dealing  with  triangles  in  pairs,  then  taking  the 
connecting  line  as  the  base,  the  area  of  tne  pair  of  triangles  is 
obtained  by  multiplying  tbe  base  by  hall  the  sum  of  the  per- 
pendiculars. A  form  til  tabulation  used  extensively  in  calcu- 
lating areas  of  coal  worked,  for  the  purpose  of  assessing  royalty 
paymente  in  the  Yorkshire  and  Lancashire  coalfields,  is  shown 
by  the  following  entries,  the  first  of  which  relates  to  a  pair  of 
triangles  \  the  second  to  a  single  triangle. 
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In  order  to  avoid  an  excessive  number  of  small  triai^les  when 
dealing  with  irr^ular  boundaries,  the  process  of  equalising  the 
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boundaiy  to  reduce  the  number  of  aides  is  adopted.  The  usual 
method  of  equalising  adopted  is  baaed  on  the  method  of  Tedu<ui)g 
a  poison  to  a  triangle  having  the  same  aide,  as  ^wn  in  the 
following  example,  Fig,  96. 

In  this  figure  the  polygon  ABODE  is  shown  by  the  thick 
film  lines,  and  the  method  of  construction  to  obtain  the  tiiangle 
A  F  G  is  as  follows  : — Produce  C  D  at  cither  end.  Join  A  0  and 
A  D,  Draw  a  line  parallel  to  A  C  from  B,  meeting  C  D  produced 
at  F.  Join  A  F.  From  B  draw  a  line  parallel  to  A  D,  meeting 
CD  produced,  at  Q.  Join  AG.  Hhe  method  depends  upon 
Euclids'  theorem  that  triangles  on  the  tame  base  and  Aetween  the 
same  paraUde  are  equal  to  one  artolhw. 

By  using  a  parallel  lulei  and  a  pricker  the  drawing  in  of  all 
the  constructional  lines,  except  the  prolongation  of  the  base, 
may  be  avoided  and  the  method  applied  to  practically  any  fi, 


Fig.  06. 


Kg.»7. 


Thus,  taking  the  case  of  the  inegulai  boundary  shown  in  Kg.  97. 
A  base-line  A  B  is  selected  and  points  marked  ofi  round  the 
boundary  such  that  the  portions  between  aucceasivo  marks  may 
be  regarded  as  straight  lines.  For  convenience  in  explanation 
they  have  been  numbered.  The  prickei  is  put  in  at,  say,  the 
point  marked  1,  the  edge  of  the  ruler  is  rolled  to  make  contact 
with  the  pricker,  and  using  the  lattei  as  a  pivot,  the  edge  of  the 
rulei  is  brought  into  contact  with  the  third  point;  the  pricker  is 
taken  out  and  the  ruler  rolled  until  its  edge  is  in  contact  with  % 
and  the  pricker  is  reinserted  in  contact  with  the  edge  of  the  ruler 
on  line  A  B.  The  ruler  is  turned  round  against  the  pricker  till 
the  edge  also  makes  contact  with  point  4.  The  ruler  is  rolled  to 
point  3,  and  the  pricker  reinserted,  touching  the  edge  of  the  rulez 
and  on  line  A  B.  The  ruler  is  turned  to  make  contact  with  point  5, 
and  then  rolled  back  to  4,  the  prickei  being  icinseited  on  lino 
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A  B,  and  in  contact  with  the  edge  of  the  mler.  This  last  prick- 
mark  is  joined  to  point  5,  and  represente  a  single  equalising  line 
ie|dadpg  the  fonr  lines,  1-2,  2-3,  S-i,  4-6.  Starting  now  bom 
the  points  9  and  7,  an  equalising  line  from  6  on  to  A  B  is  again 
constructed.  The  portion  of  the  figure  on  the  other  side  of 
A  B  is  now  dealt  with,  using  point  12  as  the  finiehing  point  lor 
equalising.  The  two  triangles  shown  are  tc^ether  eqiu^  to  the 
area  of  the  irregular  figure. 

The  method  can  be  applied  to  boundaries  in  the  form  of  a  mora 
or  less  uniform  curve  by  marking  ofi  intervals  between  which  for 
practical  purposes  the  boundary  may  be  considered  as  straight.  The 
close  approximations  to  the  correct  areas  obtained  by  this  proceed- 
ing can  very  easily  be  demonstrated  by  drawing  circles  to  a  definite 
radius  and  using  a  diameter  prolonged  as  the  base  for  equalising. 

2.  Method  ol  Ordinates. — An  axis  A  X  is  measured  along  the 
greatest  length  of  the  track  to  be  measured  (Big.  98).  Offsets 
are  measured  at  right  angles  to  that  axis,  sufficiently  close  to- 
gether to  make  the  spaces  between  them  approximate  to  trape- 
zoids. Let  d  be  the  distance  along  the  axis  between  two  adjacent 
o&sets  or  ordinates,  and  b,  b',  the  breadths  of  the  figure  at  those 

ordinates.     The  area  of  the  trapezoid  is  then         a-i  a^id 

the  area  of  the  whole  figun  is  the  sum  of  the  areas  of  the  trapestdds 
iQto  which  it  is  divided. 

for  example. — Let  A  X  in  Fig.  98  represent  the  chain-line  from 
wMch  offsets  were  taken  to  a  curved  fence.  The  lengths  of  the 
ofisets  measured  in  links,  were  as  follows : — b^  =  30,  i^  =  38, 
6,  =  61,  6,  =  50,  6,  =  85,  6.  =  80,  6,  =  40,  ij  =  60,  ftg  =  69, 
b  ,=  48,  and  6io  =  19.  The  area  included  between  the  chain- 
line  and  the  fence  is — 
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= 

6,860 

Half  this  totai — that  is,  27,776 — ^is  the  area  in 
Vig.  IM.     square  links. 
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Wlien  the  mtervala  between  the  offsets  are  all  equal,  as  in  the 
above  example,  the  calculation  may  be  considerably  simplified. 
All  the  values  of  d  being  equal,  the  formula  becomes 


Aiea  = 


(^  +  i,  +  h,  +  h  +  'to+f)^: 


that  is  to  say,  the  area  is  equal  to  the  sum  of  all  the  intermediate 
ofTaets,  and  of  one-half  the  end  offsets  multiplied  by  the  conatant 
interval  between  theoL  Applying  thia  formula  to  the  above 
example — 

Area  =  (IB  +  531  +  9^)  X  60  =  27,775  square  links. 

When  the  line  determined  by  the  oSsets  is  curved,  the  area 
may  be  calculated  with  greater  accuracy  by  Simpson's  formula. 
This  asBumes  that  the  lateral  boundaries  of  the  figure  consist  of 
short  parabolic  arcs.  An  even  number  of  equal  distances  must 
be  measured  along  the  axis,  when  the  formula  is 

Area  =  1 6b  +  6w  +  2(6,  +  &«  +  etc.)  +  ilfii  +  6s+  etc.)|  ~ ; 

that  ia,  the  area  is  equal  to  one-third  of  the  constant  interval 
between  the  offsets  multiplied  by  the  sum  of  the  first  and  last 
ofisetH,  twice  the  sum  of  the  even  offsets,  and  four  times  the  sum 
of  the  odd  offsets.    Applying  this  formula  to  the  example  given. 

Area  =  (30  +  19  +  510  +  1104)  ~ 
^277161  square  links. 

By  means  of  rectangular  co-ordinates,  the  area  enclosed  by  a 
traverse  may  be  accurately  calculated  without  necessitating  the 
preparation  of  a  plan.  The  general  rule  for  finding  areas  by 
this  method  is  as  follows  :^Multiply  the  total  latitude  ot 
each  station  by  the  sum  of  the  departures  of  the  two 
adjacent  courses.  The  algebraical  half  sum  of  these  products 
ia  the  area. 

The  total  latitude  of  each  station  ia  found  by  adding  the  lati- 
tude of  the  preceding  course  to  the  total  latitude  of  the  preceding 
station.  To  find  the  adjacent  departures,  add  the  departures  ol 
the  two  counes,  one  on  each  side  of  the  station.  The  fcdlowing 
ia  an  example  of  this  method  of  calculation  :— 
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+828-00 
+  77-61 
+  80-90 
+  212.12 

2{l-87 

2&'e7 

34-62 

34-62 

998-53 

The  double  area  of  the  polygon  ia  tliiis  998-53  square  chuns. 
The  area,  thereloie,  ia  1&9-26  square  chains,  or  49-926  acres. 

3.  Meehanleal  Hetiiod. — Instrumeuta  for  measuring  areas  on 
plans  are  teimed  planimeters.  The  form  most  generally  used 
ia  the  polar  planimeter  of  Anialer,  of 
-~.^  which  the  general  principle  ia  shown 
'  in  Fig.  99.  This  is  an  instrument  for 
)  measuring  the  area  of  any  figure,  how- 
-''  ever  irregular,  by  the  mere  passage  of 
a  tracer  round  its  perimeter.  It  con- 
sista  essentiaUy  of  three  parts,  the 
adj  ustable  arm  C  B,  the  polar  arm  B  C 
of  fixed  length,  and  the  rolling  wheel  V, 
which  rests  upon  the  plan.  The  whed 
is  graduated  and  provided  with  a 
vernier.  The  two  arms  of  the 
instTiunent  are  hinged  together  by  a  hardened  steel  axis  C,  and 
permit  of  an  angular  motion  of  nearly  180°.  The  rolling  wheel 
is  mounted  on  a  steel  axis  parallel  to  the  adjustable  arm  C  D — 
that  is,  parallel  to  the  imaginary  line  joining  the  tracing  point 
at  D  and  the  axis  C  of  the  polar  aim.  The  number  of  complete 
revolutions  of  the  rolling  wheel  are  shown  by  a  record  disc  dnven 
by  an  endless  screw  on  the  shaft  E.  At  the  end  of  the  arm  B  is 
a  loaded  disc  which  rests  upon  the  table,  and  serves  as  a  fixed 
support  for  the  instrument.  In  its  centre  at  B  is  an  upright  pin 
forming  the  tmnti^  point  or  pole  of  the  whole  instrument.  At 
the  end  of  the  adjustable  arm,  at  the  same  distance  from  it  as 
the  axis  E,  the  tracii^  jKunt  D  is  screwed  in  vertically. 

When  the  tracing  point  D  is  carried  round  the  outline  of  any 
figure,  such  as  G  fi  I,  so  as  to  return  to  the  point  from  which  it 
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started,  it  can  be  proved  *  that  tKe  distance  rolled  by  the  edge  of  _ 
the  wheel  F  ia  equal  to  the  area  of  the  figure  divided  by  C  D, 
and  consequently  that  the  area  of  the  figure  ia  equal  to  C  D 
multiplied  by  the  distance  rolled  by  the  wheel  F.  In  Great 
Britain  and  the  United  States,  the  graduations  on  the  circle 
uaually  represent  aquare  inches  of  area  on  the  plan. 

This  planimeter  gives  results  suf&ciently  accurate  for  minii^ 
purposes,  and  its  dieapness  and  simplicity  render  it  of  great 
value.  It  is  not  possible,  however,  always  to  obtain  a  very  high 
decree  of  accuracy,  aa  it  is  found  that  the  planimeter  is  aSected 
by  the  paper  on  which  the  measuring- wheel  revolves.  The 
instrument  should  never  be  used  in  such  a  position  as  to  neces- 
sitate the  rollei  passing  over  the  edge  of  the  paper  on  which  a 
plan  is  drawn,  and  is  practically  useless  on  old  mounted  plans 
with  cracks  on  their  surfaces. 

The  drawbacks  indicated  to  the  use  of  polar  planimeters  are 
non-esiatent  in  the  precision  ^animetera  made  by  G.  Coradi, 
of  Zurich.  In  these  instruments,  the  so-called  suspended  pUini- 
metert  and  linear  rdling  planvm^ers,  the  measuring  wheel  does 
not  travel  on  the  plan  itself  but  on  a  disc,  which  ia  an  int^r^ 
part  of  the  instrument. 

The  suspended  planimeter  is  essentially  a  polar  planimeter ;  it 
gives,  however,  results  ten  times  more  accurate  than  those  given 
by  Amster'a  inatrument.  The  linear  rolling  planimeter  is  the 
most  accurate  instrument  of  its  kind  yet  invented.  Instead 
of  revolving  round  about  &  pole,  the  rolling  plaoimeteE 
moves  in  a  straight  line,  on  either  side  of  which  Uie  aieft  is 
determined. 

The  table  on  p.  254  showing  the  mean  error  in  planimeter 
readings  has  been  drawn  up  from  the  results  of  a  series  of  experi- 
ments made  by  Professor  Lorber  of  Leoben,  in  Austria. 

The  aimpleat  of  all  are  a- measurers  is  the  hatchet- planimeter.f 
This  is  merely  a  tranamel  of  fixed  length,  with  at  one  end,  a 
tracing  pointer,  and  at  the  other  end,  in  the  same  jdane,  a  curved 
knife-edge  called  the  hatchet.  The  boundary  of  the  figure, 
whose  area  is  to  be  ascertained,  is  traced  continuously  in  one 
direction,  while  the  hatchet  describes  a  path  from  which  th9 
area  of  the  figure  can  be  directly  measured. 

*  For  proof,  Donmlt  the  report  on  thia  iiutniment  b7  Sir  I^wlsrick 
BiunweU  in  Sep.  of  Fortyieeoad  Mtttitif  of  tht  Brit.  Asioe.,  p.  401.     1ST2. 

\  Engineering,  voL  ML,  1894,  p.  687.  See  also  0>  Henrici'B  monognpb, 
B«p.  Brit.  Alloc.,  1894,  pp.  iW-d22. 
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10 

20 
60 
100 
200 
3O0 

1-Wf 
310 
7-7S 
15-60 
3100 
46-60 

lin      76 
lin     148 
1  in     355 
lin     682 
1  in  1,274 

lin    625 
1  in  1,111 
lin  2,500 
1  in  4,197 
1  in  7,143 
1  in  9,375 

lin     625 
1  in  1.000 
lin  2.000 
lin  3,333 
1  in  5,128 
lin  8,000 

lin    1,000 
lin    2,000 
lin    3,000 
1  in    5,000 
lin    7,693 
1  in  10.000 

Produce  ot  Coal-seams. — ^The  area  of  coal  wrought  in  any  par- 
ticular seam  may  be  estimated  by  dividii^  the  jJan  into  squares 
of  10  acres  each.  It  will  be  found  useful  to  have  a  sheet  of  Ixacing 
paper,  divided  into  1-acre  squares,  drawn  to  the  same  scale  as 
the  piau  with  which  it  is  to  be  used.  The  side  of  a  square,  (^ 
which  the  area  ia  1  acre,  measures  316-228  links.  The  squares 
should  be  drawn  in  black  lines,  and  aiib-divided  into  quarter- 
acres  by  means  of  faint  red  lines.  The  area  of  coal  wrought 
can  be  estimated  with  considerable  accuracy  by  merely  placing 
the  sheet  of  tracing  paper  over  the  plan,  and  by  counting  the 
squares  covering  the  space  on  the  plan  representing  that  area. 

The  area  of  the  coal  wrought  and  the  thickness  of  the  seam 
being  known,  the  tonnage  may  be  estimated  approximately,  as 
the  specific  gravity  of  the  coal  (1,250  to  1,500],  with  that  of  water 
taken  as  1,000  for  standard,  is  equal  to  the  number  of  ounces  in 
a  cubic  foot. 

The  produce  of  coal-seams  depends  not  only  upon  the  specific 
gravity  of  the  coal  (1-25  to  1-50),  but  also  upon  the  s^tem  of 
working,  and  the  number  of  faults.  According  to  Professor  J. 
H.  Merivale,  at  a  Durham  colliery  working  the  Harvey  seam 
3  feet  6  inches  in  thickness,  5,185  tons  per  acre  were  obtained 
when  working  by  the  long  wall  system,  and  6,052  tons  when 
working  by  the  bord  and  pillar  system.  The  yield  per  acre  per 
foot  thick  of  the  South  Stafiordshire  thick  coal  by  the  various 
methods  of  working  is  calculated  by  Mr.  H.  W.  Hughes  •  to  be 

•  Ti«  Thiei  Coal  of  Soalh  Staff ordMre.  SheflBeld,  18BS,  f.  17. 
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OS  follows  : — Square  work,  1,243  tooB ;  longwall  (two  divmons), 
1,398  tons ;  longwall  (one  divigion),  1,155  tooa, 

A  rough  rule  is  to  calculate  the  produce  at  100  tons  per  inch 
per  acre,  which  leaves  an  ample  allowance  of  some  25  per  cent, 
for  loss  of  every  kind.  Another  rule  frequently  used  is  to  calcu- 
late the  produce  at  18  cwts.  to  the  cubic  yard.  This  gives  120f 
tons  per  inch  per  acre  or  1,450  tons  per  foot  per  acre. 

The  Calculation  of  Oie-Rtserves. — Having  finished  the  survey 
of  a  metalliferous  mine,  the  surveyor  is  sometimes  called  upon  to 
calculate  the  quantity  of  ore-reserves  in  that  mine.  Various 
methods  are  employed  for  this  purpose.  Indeed  difFerent  Bur- 
Teyora  will  not  agree  within  wide  limits  as  to  the  amount  of  ore- 
lescrves  in  the  same  mine.  Sometimes  the  amount  of  ore  in  sight 
will  be  considered  to  be  a  rectangular  block  limited  by'the  out- 
crop of  the  vein,  the  depth  of  the  shaft,  and  the  extreme  points 
of  the  levels,  diminished  by  the  amount  extracted.  Other  sur- 
veyors would  avoid  BO  excessive  an  estimate  and  take  but  one- 
thud  of  that  amount. 

The  following  method  is  recommended  by  Mr.  J.  Q.  Murphy, 
an  experienced  American  mining-ei^neer,  as  the  fairest  and 
most  trustworthy: — Let  it  be  required  to  calculate  the  ore- 
reserves  in  a  mine  opened  up  on  a  vein  with  a  mean  cross- section 
of  6  feet ;  a  cubic  foot  of  the  vein  matter  in  place  weighing 
150  lbs.  The  ore  stopes  are  generally  very  irregular.  In  this 
case,  however,  it  may  be  supposed  that  the  stope  faces  are  11  feet 
apart  and  8  feet  high.  There  is  an  inclined  shaft,  10  feet  hy 
6  feet,  following  the  dip  of  the  vein,  and  6  levels,  each  7  feet  by 
6  feet,  100  feet  apart.    The  lengths  of  the  levels  are — 

L    SW  feet  west ;  ISO  feet  eoit. 
n.     160       »  100        „ 


The  longest  level  west  is  350  feet  and  the  shortest  100  feet. 
Assume  the  bounding  line  of  the  area  of  available  ore  to  be  at 
a  distance  west  of  the  shaft, 

ioo+.°°°7"»-mft. 

The  longest  level  east  is  400  feet,  and  the  shortest  100  feet  The 
bounding  line  in  this  direction  calculated  in  a  similar  way  will 
be  at  a  distance  of  2fi0  feet  from  the  shaft. 
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Tile  inclined  shaft  has  opened  up  the  vein  foi  670  feet.  De- 
ducting, say,  15  feet  for  the  irregularity  of  the  surface,  the 
quantity  of  ore  in  aght  will  be  a  rectangular  block  655  feet  deep, 
226  +  250  or  475  feet  long,  and  6  feet  wide— that  is,  1,866,750 
cubic  feet. 

From  this  quantity,  however,  must  be  deducted  the  quantity 
of  ore  extracted,  namely— 


InaUned  shaft,  666    x     10 

X 

=    39.300 

Level     I.,    360    X      7 

=      14,700 

Level    n.,    200     X       7 

-     10,020 

Level  in.,    520    X      7 

=     21,S40 

Level  IV.,    240     X       7 

-     10,080 

Level    v.,    345     X      7 

=     14,400 

Level  VI.,    600     X      7 

=     21,000 

Level    'L,stopedeast(TODgheBtimate),  3,400 

Level      I.,  atoped  wert,  . 

.        6.500 

Level    n.,  rtoped  WMt,  . 

.       7.000 

Level  ni.,  Btoped  east,    . 

.      20,000 

Level  VI.,  Btoped  west,  . 

.     12,000 

Total,  . 

.    181,230 

Oi  in  nnmd  nnmbera. 

.    182,000 

This  quantity,  deducted  from  1,866,760  cubic  feet,  leaves 
1,681,760  cubic  feet.  Divided  by  13^,  the  numbet  of  cubic 
feet  required  for  a  ton  (of  2,000  lbs.},  this  givea  124,797  tone  of 
ore  in  sight. 

The  quantity  of  ore  discovered  in  a  mine  may  be  estimated 
from  its  specific  gravity  and  the  average  size  of  the  vein.  The 
specific  gravity  of  the  ore,  with  that  of  water  taken  at  1,000  for 
standard,  is  equal  to  the  number  of  ounces  in  a  cubic  foot.  Great 
caution  is  necessary  to  determine  the  proportion  of  the  vein 
which  may  be  considered  solid  ore. 

A  vein  6  feet  square  and  1  inch  thick  contains  3  cubic  feet; 
therefore,  in  order  to  find  the  number  of  cubic  feet  per  square 
fathom  of  a  vein,  it  is  merely  necessary  to  multiply  the  thickness 
in  inches  by  three. 

The  following  example  illustrates  the  method  of  finding  the 
weight  of  any  ore  per  square  fathom  in  a  vein : — What  quantity 
of  galena  will  be  produced  per  square  fathom  from  a  mincr^ 
vein  6  inches  in  width  ?  One-quarter  of  the  vein  consists  of 
galena,  the  remainder  of  zinc-blende.  One-twentieth  must  be 
allowed  for  cavities  in  the  vein. 

The  specific  gravity  of  galena  is  7-5,  and  a  cubic  foot  of  water 
weighs  1,000  ounces ;   therefore,  a  cubic  foot  of  galena  weighs 
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7,500  ounces.  The  vein  being  6  inches  thick,  theie  ue  18  cnhio 
feet  in  a  square  fathom.  One-quarter  of  that  amount,  or  4-5 
cnbic  feet,  conaiHts  of  galena.  The  weight  of  galena  in  ounces 
ia  therefore 

7.500  X  4-6  =  33,750  =  2109-375  Iba 

From  thia,  one-twentieth,  ex  105468  Ibe.,  must  be  deducted, 
leaving  2003-907  lbs.,  or  17  owto.  3  qra.  16  lbs.,  as  the  weight  of 
lead  ore  pet  square  fathom. 

Foi  recoiding  the  value  of  ore-reserves,  Mr.  J.  C.  Little* 
points  out  that,  on  the  vertical  section  of  a  mine,  contour  lines 
from  level  to  level  may  be  plotted  exhibiting  tJie  number  of 
units  of  value  of  ore  existing,  provided  that  sufBcieat  detuis  of 
lode  width  and  assay  values  are  available.  Sui&use  cost  and 
general  charges  are  usually  expressed  per  unit  of  weight  of  ore 
milled;  bat  by  the  sid  of  an  ingenious  slide-rule  invented  1^ 
Mr.  Little,  these  costa  can  be  distributed  over  the  area  worked, 
and  the  total  cost  per  square  inch  recorded.  In  the  Transvaal 
the  stopes  are  surveyed  every  month ;  the  surveys  being  some- 
times jotted  on  the  reef  plane  and  the  areas  worked  out  com- 
puted with  the  planimetei.  The  calculation  of  ore  reserves  is 
exhaustively  dealt  with  by  Mr.  k.  Q.  Charietoo-f 
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Levelling. 

Dsflnltions  umI  Prlnciplas. — Levelling  is  the  srti  of  deteimining 
the  relative  diatancee  of  points  from  the  centre  of  the  earth. 
One  point  ia  said  to  be  above  another  when  it  is  farther  from 
the  centre  of  the  earth,  and  the  difFeience  of  distance  from  that 
oentie  ia  called  the  difference  of  level  between  the  two  points. 
The  operation  of  finding  how  much  one  point  is  higher  or  lower 
than  another  may  be  trigonometrical,  geometrical,  or  physical. 

Trigonometrical  levelhng  neceasitatea  the  measurement  of 
lengths  and  angles.  As  an  illustmtion,  the  simplest  case  may 
be  ta^n.  In  order  to  determine  the  difference  of  level  between 
A  and  C  (Fig.  100),  oi  in  other  words  the  line  AB,  the  ai^le 
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A  C  B,  and  one  of  the  two  lines  A  C  and  C  B  must  be  measured. 
The  height  required  is  then  found  by  trigonometrical  calculation 
from  the  two  magnitudes  measured. 

In  geometrical  levelling,  a  horizontal  line  or  plane  is  con- 
structed, and  the  distance  of  the  two  points  A  and  B  (Elg.  101) 
from  this  ia  measured  directly  by  setting-up  vertical  staves. 
The  difFerence  of  the  two  readings  on  the  staves  is  the  difEerenoe 
in  level  between  the  two  points. 

Physical  levelling  is  based  on  the  change  of  atmospheric 
pressure  at  difierent  altitudes.  The  moat  important  instrument 
for  this  method  of  levelling  is  the  barometer. 

The  Spirit  Level — Instruments  commonly  used  for  levelling 
for  surveying  purposes  comprise  a  spirit  level  and  telescope  as 
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the  essential  featureB.  .  The  spirit  leyel  proper  conMsts  of  a  glass 
tube  neariy  filled  with  liquid,  the  interior  form  of  the  tube  beii^ 
shown  in  Fig.  102,  the  upper  and  lower  curvatures,  which  are 
equal,  being  greatly  exaggerated  in  the  figure.  The  tubes  from 
■  which  the  spirit  leTels  are  made  ate  selected  as  truly  cylindrical 
as  possible  as  regards  both  their  interior  and  exterior  surfaces. 
The  interior  suriace  is  then  accurately  ground  lengthways  to 
the  form  of  a  circular  curve,  the  radius  of  which  depends  upon 
the  class  of  instrument  of  wbicb  the  spirit  level  is  to  form  part. 
The  lai^er  the  radius  of  curvature  the  greater  the  sensitiTenesB 
of  the  spirit  level.  The  outer  surface  of  the  tube  is  graduated, 
and  in  accurate  instruments  the  graduations  correspond  to  a 
definite  arc  on  the  circular  curve  to  which  the  interior  surface  has 
been  ground.  Thus,  in  the  case  of  a  dumpy  level  of  average 
quality  the  divisions  are  not  uncommonly  one-tenth  of  an  inch 
in  length,  and  correspond  to  an  arc  of  30  seconds,  the  radius  of 
ourvatuie  being  about  60  feet.  Gigh-class  levels  are  of  con- 
siderably greater  sensitiveness  than  this,  and  the  same  length 
of  division  may  correspond  to  10  seconds. 

The  tnbes  are  usually  filled  with  pure a 

alcohol  or  a  mixture  of  alcohol  and   ^ '-        — '      ~^ 

ether.    Pure  ether  is  condderably  more    ^~-     i— ..  — 

mobile   than    alcohol,    and    gives    a  Fig.  102. 

much  more  active  bubble.     Chloroform 

gives  a  still  more  active  bubble  than  ether.  These  two  latter 
liquids  are,  however,  rarely  used  alone  for  spirit  levels  for  outdoor 
use,  as  owing  to  their  low  boiling  points,  there  is  a  considerable 
risk  of  tubes  of  ordinary  construction  being  burst  on  exposure 
to  the  sun,  and  apart  from  this  the  rapid  clmnge  in  the  length  of 
the  bubble  with  varying  temperatures  is  a  source  of  trouble. 

The  glass  tubes  are  mounted  in  metal  tubes,  which  are  attached 
to  the  levelling  instrument  by  means  of  adjustable  capstan- 
sorews,  and  when  the  spirit  level  is  in  adjustment  a  radius  drawn 
from  the  centre  of  curvature  to  the  centre  of  the  graduation  on 
the  tube  is  parallel  to  the  vertical  axis  about  which  rotation  of 
the  telescope  takes  place. 

The  Dumpy  LereC — The  term  spirit  level  is  also  applied  to  the 
levelling  instrument,  of  which  the  spirit  level  proper  is  the  essen- 
iatX  part.  The  instrument  most  generally  used  in  Great  Britain 
is  the  dumpy  level,  invented  by  W  Gravatt.  It  is  represented 
in  Pig.  104.  A  is  the  spirit  level  attached  by  screws  at  a,  a',  to 
the  telescope  BC.  A  small  spirit  level  is  fixed  transversely  on 
the  telescope,  as  shown  at  A',  and  is  used  as  a  guide  in  setting 
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up  and  for  approximste  lereUing  of  the  instrumeiit.  D  is  a  flat 
bar  or  oblong  plate  fixed  on  the  top  of  the  vertical  axis  E.  To 
this  bat  the  telescope  is  attached  by  adjuBtiog  sctewa  d,  d', 
which  are  also  shown  in  section  in  Fig.  105.  The  vertical  axis 
turoB  upon  a  hollow  spindle  iized  to  the  upper  parallel  plate 
F,  the  spindle  being  continued  downwards  and  attached  to  the 
lower  puallel  plate  0  by  a  ball  and  socket  jmnt.    Then  are  four 


Fig.  103.  Pig.  104.  Fig.  105. 

evelling-screws/,  by  which  the  vertical  axis  is  set  truly  vertical. 
The  lower  plate  is  screwed  on  the  tripod  head.  The  tripod 
consists  of  three  wooden  legs  like  those  of  the  theodolite.  In 
some  instruments,  a  compass  is  carried  on  the  top  of  the  plate 
D  for  taking  bearings  of  lines. 

The  telescope  of  the  level  is  similar  to  that  of  the  theodolite, 
except  that  the  diaphragm  contains  one  horizontal 
wire  and  two  parallel  vertical  cross-wires,  as  shown 
in  Pig.  106.  The  construction  of  the  diaphragm  itself 
is  shownin  Fig.  103.  This  levelling  instrument  derives 
its  name  from  its  dumpy  appearance,  due  to  the  la^e 
Fig.  tO&     aperture  and  short  focal  length  of  the  telescope.    The 

latter  is  usually  9  or  14  inches  in  length. 

The  Y-LereL — Of  the  diSerent  varieties  of  levelling  instrument, 

that  termed  the  Y-level  is  preferred  by  many  engineers.    In  this 

instrument  the  telescope  is  moimted  on  Y's,  like  those  of  the 

Y-theodolite. 

A  form  of  American  Y-Ievel,  made  by  Messrs.  Heller  &,  Brightly, 
of  Philadelphia,  ia  shown  in  Fig.  107     The  telescope  rests  on 
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Y's,  and  is  confined  in  them  by  clips  fastened  by  binding-pins. 
The  telescope  is  17  to  20  inches  long.  It  has  at  each  end  a  ring 
of  bell-metal ;  by  these  it  revolves  in  the  agate  bearings  of  the 
Y's,  and  can  be  clamped  in  any  position.  The  spirit  level  is 
attached  to  the  under  side  of  the  telescope,  and  is  provided  at 
ito  ends  vith  screws  for  horizontal  and  vertical  adjustment.  The 
level  scale  extends  over  the  whole  length,  and  is  graduated  into 
tenths  of  an  inch.  A  clamp  and  tangent  screw  are  connected 
with  the  axis  for  moving  the  bar  and  telescope. 

Stanley's  Englnews'  LeveL-  -The  characteristic  feature  of  this 
level  is  the  casting  of  the  telescope  body  in  one  piece  with  the 
centre,  thus  dispensing  entirely  with  adjusting  screws  for  the 
connection  of  the  telescope.  It  is  claimed  that,  notwithstanding 
its  sdid  appearance,  it  is  actually  lighter  than  the  older  forms 


Fig.  107. 


It  is  usually  fitted  with  subtense  points,  a  clamp  and  tangent 
screw  being  provided  to  assist  in  taking  observations.  The  object 
end  of  the  telescope  tube  is  graduated,  and  slit^  are  provided 
in  the  ray-shade  for  the  purpose  of  taking  cross  levels. 

Cusbing's  Revwslble  LereL— On  account  of  the  inconvenience 
attending  the  adjustment  for  coUimation  in  levelling  instru- 
ments where  the  telescope  is  fixed,  it  occurred  to  Mr.  Cushing,* 
Inspector  of  Scientific  Instruments  to  the  Indian  Office,  to  make 
the  eye-piece  and  object-glass  of  the  telescope  interchangeable. 
For  this  purpose  he  fixes  to  the  internal  tube  of  the  telescope  a 
gun-metaJ  socket,  which  has  a  wide  fiat^e  and  is  ground 
internally  to  a  conical  form  to  receive  a  fitting  carrying  the 

*  JTiN.  Proe.  Intt.  C.B.,  voL  lix.,  1880,  p.  273. 
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e^|uece  and  diaphragm.  On  the  oppoute  end  of  the  outer 
tube,  a  precisely  similar  socket  receives  the  cell  containing  the 
object-glass.  Both  ends  aie  identical  as  legarda  the  fitting, 
though  the  object-end  is  neceesaiily  rather  longer  than  the  eye- 
end  on  account  of  its  having  to  cany  on  the  outside  the  cover  or 
dew-cap.  The  line  of  collimation  is  adjusted  by  reversing  the 
oollimation  stop,  which  in  this  level  ie  a  glass  disc  with  lines 
engraved  upon  it  by  a  fine  diamond,  instead  of  the  ordinary 
cross- wires. 

Zeia  Level— The  firm  of  Carl  Zeiss,  Limited,  have  within  the 
last  few  years  put  on  the  market  several  new  types  of  level,  of 
an  entirely  diderent  construction  from  those  previously  de- 
scribed. Two  very  striking  features  are,  a  prismatic  arrangement 
to  enable  the  observer  to  see  the  bubble  whilst  he  is  sighting  the 
staff  and  an  arrangement  for  moving  the  telescope  through  a 
limited  angle  in  a  vertical  plane  with  a  view  to  bringing  the 
bubble  to  its  central  position  at  the  moment  of  sighting.  The 
telescope  can  also  be  rotated  through  180,  in  its  supporting 
collars,  being  similar  to  the  Y  level  in  this  respect,  except  that 
the  telescope  can  be  rotated  completely  in  the  latter.  The  eye- 
piece can  also  be  used  at  either  end  of  the  telescope  tube,  and 
these  two  last  provisions  enable  four  observations  to  be  made, 
either  for  obtaining  the  greatest  precision  postdble  or  for  adjusting 
the  instrument.* 

In  this  and  other  countries  much  attention  has  been  paid  in 
recent  years  to  the  manufacture  of  precise  levels,  and  great 
improvements  have  been  efiected.  Most  makers  supjdy  some 
form  of  refiecting  device  to  enable  the  operator  to  view  the  bubble 
whilst  sighting  the  staff,  any  necessary  correction  being  made 
with  one  of  the  levelling  screws,  although  the  limited  movement 
of  the  telescope  in  a  vertical  plane,  controlled  by  a  special 
operating  screw,  is  provided  for  by  several  makers  other  than 
the  firm  mentioned  above.  As  in  the  case  of  the  theodolite,  the 
adoption  of  three  levelUng  screws  instead  of  four  is  rapidly  in- 
creasing, and  the  tribrach  form  is  now  standard  with  most  makers. 

TraiponilT  Adlusbnents  ol  the  Level.— The  function  of  a  level 
being  mainly  to  establish  a  honeontal  line,  it  is  not  generally 
necessary  to  set  the  level  over  any  definite  point,  so  that  the 
operation  of  centring  is  not  required. 

The  levelling  up  of  the  instrument  is  carried  out  in  much  the 
same  way  as  the  theodolite,  attention  being  paid  to  both  the 

*  See  papei  by  Mr.  Joseph  Huabaud  on  "  The  Zslu  LcTel,"  Tnau.  Intl. 
ol  Itin.  Sng.,  voL  zlvi,  p.  286: 
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ataia  telsscope  bubble  and  to  ihs  small  tiaiuverse  level  when 
setting  the  tripod. 

The  telescope  is  brought  into  line  with  one  pair  of  sciewa  and 
the  main  bubble  centred,  then  the  bubble  of  the  small  transveiee 
spirit-level  is  centred  by  the  other  paii  of  screws,  oi  single  screw 
in  the  case  of  tribrach  instiuments,  the  main  bubble  is  now 
le-adjusted  and  then  bronght  to  a  position  at  right  angles  to  its 
former  position  and  the  bubble  again  centred.  It  is  then  again 
recentred  in  its  first  position,  and  as  a  rule  if  in  adjustment  will 
now  permit  of  a  complete  revolution  <d  the  telescope  being 
made  without  the  bubble  moving. 

The  adjustment  for  parallax  is  made  in  the  same  way  as  with 
the  theodolite,  but  as  a  rule  it  is  made  when  sighting  the  staff 
itself  for  the  first  observation,  and  the  eye  is  moved  up  and  down 
instead  of  across  the  eye-piece  whilst  testing  the  adjustment. 

When  sighting  the  staff  the  latter  should  always  be  viewed 
between  the  vertical  cross-wires,  so  that  its  verticality  may  be 
ensured.  The  reading  of  the  staff  is  taken  with  the  central 
horizontal  cross-wire.  It  is  usually  necessary  to  re-focus  the 
Staff  for  each  sight  to  enable  the  readings  to  be  taken  with  the 
necessary  d^iee  of  precision. 

Permanent  Adiustmenb  of  the  Dumpy  I«veL— In  the  case  of 
the  dumpy  level,  the  two  essential  conditions  that  should  be 
fulfilled  are  the  following  : — The  main  telescope  spirit  level  should 
be  at  r^bt  angles  to  the  vertical  axis,  and  the  line  of  collimation 
should  be  parallel  with  the  spirit  level,  and  consequently  also  at 
right  angles  to  the  vertical  axis. 

The  adjustment  of  the  spirit  level  at  right  angles  to  the  vertical 
axis  is  t«sted  every  time  the  instrument  is  carefully  levelled 
in  the  Qsual  way  with  the  footrscrews.  If  the  telescope  cannot 
be  turned  through  a  complete  revolution  without  appreciable 
movement  of  the  bubble,  the  adjustment  is  not  correct.  In  order 
to  make  the  adjustment  the  telescope  is  turned  in  line  with  one 
pair  of  the  foot-screws,  and  the  bubble  accurately  centred  by 
means  of  the  latter,  the  telescope  is  then  turned  through  180  , 
and  the  amount  and  direction  of  the  deviation  of  the  bubble 
from  the  centre  is  noted ;  this  represents  twice  the  error  in  the 
adjustment,  which  is  corrected  by  eliminating  half  the  deviation 
by  means  of  the  capstan  screws  provided  at  one  end  of  the  spirit 
level.  To  test  the  adjustment,  eliminate  the  other  half  of  the 
deviation  by  means  of  the  foot-screws,  turn  the  telescope  through 
90°  to  bring  it  in  line  with  the  other  pairs  of  foot  screws,  and, 
u^ng  the  latter  only,  eentiaUse  the  bubble.    It  should  now  be 
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poadble  to  turn  the  telescope  through  a  complete  cevoladon 
without  appreciable  movement  of  the  babble. 

To  teat  the  adjustment  of  the  line  of  coUimation  advantage 
is  taken  of  the  fact  that  the  true  difference  of  level  bet^roen 
points  equidistant  from  a  levelling  instrument  can  be  determined, 
independently  of  any  adjustments  or  ooneotiona,  provided  the 
instrument  is  in  good  zaechanical  order.  To  make  the  test  the 
instrument  is  set  up  on  a  piece  of  ground  extendini;  as  nearly 
level  as  possible  for  a  distance  of  4  or  5  chains.  From  the  centre 
of  the  instrument  a  distance  of  a  chun  is  set  out  on  either  side 
and  pegs  driven  in.  The  points  should  be  so  chosen  that  the  two 
pc^s  and  the  centre  of  the  instrument  are  in  line.  After  eare- 
inlly  levelling  the  instrument,  the  reading  of  a  levelling  staff 
held  on  either  peg  in  turn  is  taken,  the  bubble  being  brought 
very  exactly  to  the  centre  of  its  run  immediately  before  taking 
the  reading  in  each  case.  The  peg  at  the  higher  level  is  driven 
into  the  ground  until  the  reading  of  the  staff  is  the  same  aa  at  the 
other  peg.  The  two  pegs  are  then  at  exactly  the  same  level. 
This  will  be  evident  mro.  Fig.  110  and  the  considerations  put 
forward  on  p.  270. 

The  testing  of  the  line  of  coUimation  can  now  be  effected  by 
setting  the  instrument  up  at  a  point  outside  the  two  pegs.  For 
convenience  it  is  advisable  to  make  the  distance  between  the  two 
positions  of  the  instrument  exactly  2  chains,  and  still  in  line  with 
the  pegs,  the  latter,  however,  being  both  on  the  same  side  of  the 
instrument  in  the  second  position.  The  instrument  is  carefully 
levelled,  and  a  reading  is  taken  with  the  staff  held  on  either 
DM,  the  bubble  being  centred  for  each  observation  as  before. 
The  two  readings  should  be  identical  if  the  adjustment  of  the  line 
of  oollimation  is  coiiect.  If  the  readings  are  not  the  same,  the 
difference  between  them  represents  the  effect  of  the  error  of 
coUimation  for  the  distance  betvxen  the  pegs. 

In  order  to  correct  the  adjustment,  assuming  that  the  distances 
have  been  set  out  as  described,  the  following  procedure  is  adopted : 
— Ascertain  the  difference  between  the  last  two  readings  and 
Dote  whether  the  reading  taken  at  the  peg  nearest  the  instrument 
is  the  greater  or  lesser  of  the  two.  It  greater  add  to  it  one-half 
of  the  difference  between  the  readings,  if  less  deduct  this  amount 
from  it,  the  result  in  either  case  gives  the  readiiig  that  would  have 
been  obtained  if  the  adjustment  for  coUimation  had  been  correct. 
The  staff  is  then  set  up  on  either  peg  and  the  coUimating  screws 
attached  to  the  diaphragm  are  manipulated  until  the  corieot 
reading  ie  given  by  tiie  cross-wirea. 
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It  IB  advisable  to  make  the  adjustment  of  the  spirit  level  at 
right  angles  to  the  vertical  axis  before  making  that  for  the  line 
of  collimation. 

Adjustments  of  the  Y-LeveL — The  temporary  adiuatments  are 
identical  with  those  for  the  dumpy  level,  the  permanent  adjust- 
ments, hoTever,  are  somewhat  different,  and,  as  a  matter  of 
fact,  can  be  more  easily  and  correctly  made  ;  on  the  other  hand, 
they  are  much  more  liable  to  disturbance.  The  adjustments 
required  are  as  follows : — First  to  set  the  spirit  level  parallel  with 
the  axis  of  the  telescope,  second  to  make  the  line  of  collimation 
coincide  with  the  axis  of  the  telescope,  and  third  to  set  the  axis 
of  the  telescope  at  right  angles  to  the  vertical  axis. 

To  teat  the  parallelism  of  the  spirit  level  and  the  telescope  axis 
the  instrument  is  set  up  and  levelled  csTcfulIy  with  the  (oot- 
BorewB,  finishing  up  with  the  telescope  in  hue  with  a  pair  of  the 
latter.  When  the  bubble  is  accurately  centred,  the  Y's  are  opened 
and  the  telescope  reversed  end  for  end.  If  the  bubble  comes 
to  rest  in  the  centre  of  its  run  this  adjustment  is  correct.  If  it 
does  not,  the  deviation  of  the  bubble  represents  twice  the  error, 
which  is  corrected  by  eliminalang  half  the  deviation  by  means 
of  the  capstan-screws  attached  to  the  spirit  level.  The  correction 
of  the  adjustment  can  be  tested  by  eliminating  the  remaining 
deviation  of  the  bubble  by  means  of  the  foot-screws  and  again 
reversing  the  telescope  end  for  end  in  the  Y's,  the  bubble  should 
come  to  rest  in  the  centre  of  its  run. 

To  tost  the  coincidence  of  the  line  of  collimation  with  the  axis 
of  the  telescope,  having,  if  necessary,  corrected  the  first  adjust- 
ment, an  observation  is  taken  on  to  a  levellii^-stafE  held  vertically 
at  a  point  at  about  3  chains  away  from  the  instrument.  Having 
taken  the  reading  of  the  cross-wire  on  the  staff,  the  telescope  is 
rotated  in  the  Y's  through  180°,  and  the  staff  reading  again  tc^n. 
If  the  readings  are  identical  the  adjustment  for  collimation  is 
coirect ;  if  they  differ,  the  difference  between  thfm  represents 
twice  the  error  of  collimation  for  the  distance  of  the  staff  from 
the  instrument.  The  correction  is  made  by  manipulating  the 
collimating  screws  attached  to  the  diaphr^m  untU  the  erase- 
wire  gives  the  mean  of  the  two  previous  readings.  On  again 
rotating  the  telescope  through  160  in  the  Y's,  the  reading  should 
lemain  the  same. 

To  test  the  adjustment  of  the  axis  of  the  telescope  at  right 
angles  to  the  vertical  axis,  the  first  adjustment  being  correct, 
the  telescope  is  brought  into  line  with  a  pair  of  foot-screws  and 
the  bubble  centred  ocouzately.    The  telescope  is  thea  rotated 
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about  the  vertical  axis  through  half  a  revolution.  If  the  babble 
remains  central,  the  adjustmeiit  is  correct ;  if  it  does  not,  the 
deviation  represents  twice  the  error  in  the  adjustment,  which 
is  corrected  bv  eliminating  half  the  deviation,  by  means  of  the 
BcrawB  which  form  the  attachment  of  the  Y'b  to  the  plate.  The 
correction  of  the  adjustment  is  tested  by  eliminating  the  re- 
maining deviation  of  the  bubble  from  the  centie  of  its  run,  by 
means  of  the  foot-screws,  and  rotating  the  telescope  back  to  its 
former  position,  when  the  bubble  should  remain  central. 

The  LevelUng-statt  serves  to  measure  the  vertical  distance 
from  the  horizontal  line  formed  by  the  axis  of  the  telescope  down 
to  the  station  on  the  ground.  Formerly  the  levelling-etafi  con- 
risted  of  a  wooden  rod,  furnished  with  a  sliding  vane  or  ta^et, 
which  was  raised  oi  lowered  by  the  staff-holder  in  response  to 
signals  from  the  observer.  Soch  staves  are  now  rarely  used. 
The  princip^  objection  to  which  they  are  liable  is  that  the 
observer  must  depend  on  the  staff-holder  to  read  the  height 
observed,  or  if  the  latter  is  not  sufficiently  intelligent  to  perform 
BO  important  a  duty,  must  himself  go  and  read  ofE  the  height  of 
the  vane.  In  this  way  great  loss  of  time  is  caused,  and  there  is 
uncertainty  in  the  results,  as  the  vane  may  possibly  have  shifted 
in  the  meantime. 

A  very  perfect  staff  of  this  kind,  known  as  the  New  York 
target  red,  is  largely  used  in  the  United  States.  It  is  graduated 
to  hundredths  of  a  foot.  To  indicate  where  the  horizontal  line 
cuts  the  staff,  a  target  is  used,  the  face  of  which  is  divided  into 
quadrants  painted  with  two  alternate  colours.  In  the  face,  there 
is  an  opening  a  tenth  of  a  foot  long,  through  which  the  figures 
can  be  seen  on  the  face  of  the  rod.  The  right  edge  of  the  opening 
is  provided  with  a  vemiei,  by  means  of  which  the  staff  can  be 
read  to  thousandths  of  a  foot. 

In  Older  to  avoid  entrusting  the  reading  of  the  staff  to  an 
attendant,  Mr.  W.  Oravatt  invented  a  staff,  the  lace  of  which 
was  graduated  distinctly  enough  for  the  observer  himself  to 
read  off  the  figures  through  the  telescope  of  his  itisteament. 
The  sliding  vane  is  thus  dispensed  with,  and  the  staff-holder  has 
nothing  to  do  but  to  hold  the  staff  vertical. 

The  levelling-staS  usually  consists  of  three  parts,  sliding  one 
within  the  other,  and,  when  opened  out  for  use,  forms  a  staff 
li  to  16  feet  in  length.  It  is  made  of  mahogany  soaked  in  boiled 
oil,  and  painted  with  several  coats  of  oil  paint.  The  whole  length 
is  divided  into  hundredths  of  a  foot,  coloured  alternately  black 
and  white,  and  occupying  h^f  the  breadth  of  the  staff.    The 
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patteine  of  levelling- staves  are  very  various.  Tie  form  shown 
in  Fig.  108,  invented  by  T-  Sopwith,  F.B.S.,  is  that  most  fre- 
quently used.  In  this  the  feet  are  represented  by  large  red 
figures,  the  tenths  are  shown  by  odd  black  figures,  and  the 
hundredths  are  coloured  alternately  black  and  white.  Between 
the  odd  figures  representing  tenths,  a  black  diamond  is  painted 
to  indicate  the  alternate  five- hundredths.  The  top  of  every 
figure  represents  its  value.  Of  the  black  and  white  divisions, 
the  bottom  of  each  black  space  represents  odd  hundredths,  the 
top  even  hundredths.  The  stafi  is  usually  14  leet  in  length,  and 
divided  into  three  parts,  which,  when  drawn  out,  are  hdd  in 
position  by  a  spring  clip  at  the  back.  When  dosed,  they  form 
a  staff  about  5  feet  3  inches  in  length,  3  inches  wide,  and  1}  inches 
deep. 

An  important  modification  has  been  introduced  in  the  gradua- 
tion by  Mr.  A.  Q.  Thornton,  of  Manch^ter.  It  conaistfi  in  the 
repetition  at  each  3  inches  of  the  number  of  feet  in 
small  red  figures  on  the  left  of  the  stafi.  This  improve- 
ment will  be  found  very  advantageous,  especially  with 
short  lines  of  sight,  as  an  exact  reading  can  be  taken 
on  any  part  of  the  stafi  where  the  cross-wire  falls, 
without  the  necessity  of  raising  or  lowering  the  stafi. 
It  ia  important  that  the  staff  be  held  truly  vertical 
while  it  la  being  read.  To  help  the  stafi-holder  in  this, 
a  small  plummet  is  suspended  in  a  groove  cut  in  the 
side  of  the  staff,  by  means  of  which  its  verticality  can 
be  determined  In  one  direction.  The  observer  him- 
self can  detect  by  means  of  the  two  vertical  wires 
of  the  telescope  whether  it  inclines  in  the  other  direction.  The 
jdummet  may  be  rejdaoed  by  a  round  spirit  level,  the  tangentaal 
plane  of  which  is  perpendicular  to  the  back  of  the  staff. 

The  errcH-  caused  by  the  staff  being  inclined  is  consideraUe. 
Let  h  be  the  reading  on  the  staff  when  it  is  held  vertical,  and  h' 
the  reading  when  the  staff  is  inclined  at  an  angle  of  i  from  the 


Fig.  108. 


vertioal.    Then  -r,  =  cos  i,  and  h'  = 


a  a 


Thus,  iii  =  %",  a 


nj,= 

A  =  4  feet,  then  h'  =  4-002  feet. 

If  necessity  should  compel  the  staff  to  be  used  without  a 
plummet  or  round  spirit  level,  it  should  be  moved  backwards 
and  forwards  by  the  stafi-holder ;  the  lowest  readii^  is  taken 
as  the  most  correct  one,  although  this  is  not  strictly  true  in  al! 
cases. 

A  bdangular  piece  of  sheet  iioiii  about  on&-t«iith  of  an  inch  in 
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thicknees,  having  the  comeiB  turned  down,  ie  used  to  rest  the 
BtaS  on.  The  corners  are  pressed  into  the  ground.  By  means  of 
this  iron  plate,  the  stafi  is  kept  on  the  same  spot,  and  at  the 
same  height  from  the  ground,  while  the  observer  ia  reading  the 
back-  and  fore-sight.  A  chain  and  ting  are  attached  to  the  plate 
for  the  convenience  of  the  staS-holder  in  lifting  it  from  the 
ground,  and  in  carrying  it  from  station  to  station. 

Wne  LevelUng-Stoves. — For  levelling  underground,  staves  may 
be  employed  similar  in  constructioD  to  those  used  at  the  surface. 
They  must,  of  course,  be  shoitei.  The  best  «zes  aie  a  9-foot 
Sopwith  ataS  to  dose  down  to  3  feet  6  inches,  or  a  6-toot 
Sopwith  stafi  to  close  down  to  2  feet  6  inches.  The  staff 
is  illuminated  by  means  of  &  miner's  candle  or  a  safety-lamp, 
Ht.  Stanley  has  designed  a  staff,  made  in  lengths  of  18  inches, 
like  a  folding  nile. 

Mr.  Q.  J.  Jee*  has  designed  a  useful  staff  for  colliery  work. 
It  consists  of  three  lengths,  sliding  one  into  the  other.  The 
bottom  lei^th  is  graduated  upwards  in  the  ordinary  way,  and  is 
3  feet  in  length.  At  the  top  of  the  first  division  of  the  etafi  is 
attached  a  2-inch  band,  which  is  graduated  upwards,  and  forms 
an  accurate  continuation  of  the  scale  on  the  lower  division  of  the 
staff.  The  band  passes  over  a  brass  roller  attached  to  the  top 
division  of  the  staff,  and  thence  is  carried  down  and  wound 
round  a  brass  drum,  fixed  just  below  the  roller,  to  the  top  of 
the  same  length  of  the  staff,  the  band  being  kept  in  tension  by 
means  of  a  spring-box  attached  on  one  side  to  the  axis  of  the 
cylinder.  It  is  thus  evident  that  when  the  second  length  of 
the  staff  is  drawn  out,  the  band  unwinds  and  gives  a  continuous 
reading  np  to  6  feet  8  inches,  or  to  any  intermediate  distance 
that  the  height  of  the  roof  wilt  allow.  In  the  same  way  when 
the  third  length  is  drawn  out,  a  continuous  reading  may  be 
obtained  up  to  9  feet,  or  to  any  intermediate  distance  required. 
The  weight  of  the  staff  is  6  lbs.  It  is  manufactured  by  Messrs, 
J.  Davis  &  Son,  of  Derby. 

The  clumsy  contrivances  used  in  the  St.  Gothard  tunnel 
induced  Professor  M.  Schmidt, j"  of  the  Freibe^  School  of  Mines, 
to  devise  a  staff  specially  adapted  for  levelling  in  mines.  It 
consists  of  two  staves,  each  5  feet  in  lei^th.  The  front  one  is 
graduated,  whilst  the  second  acts  as  a  pedestal.  The  two  ate 
joined  together  by  two  clamps  and  screws,  in  such  a  way  that 
the  graduated  staff  may  slide  along  the  pedestal  for  a  distance  of 
•  CoUiery  Guardian,  vol.  xxiviii.,  p.  576,  187fl. 
t  Outtrr.  Zeittehr.,  vol.  xxix.,  p.  206,  1881. 
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4  feet.  The  graduated  staS  is  backed  with  an  iron  pl&te  drilled 
with  small  holes,  coneeponding  to  its  graduation.  Into  these  a 
steel  pin  on  the  pedestal  works  automaticalty  with  a  spring, 
whenever  the  graduated  staff  is  drawn  in  or  out.  A  pointer  is 
attached  to  the  pedestal  at  a  given  height  {e.g.,  i  feet),  when  the 
graduated  staff  is  pushed  home.  When  the  latter  is  drawn  out, 
the  reading,  less  the  difference  between  the  foot  and  the  pointer, 
added  to  the  constant  height,  denotes  the  height  of  the  line  of 
sight  above  the  foot  of  the  staff. 

Attached  to  the  side  of  the  staff  is  a  portable  reflector  lamp 
for  illuminatdng  the  scale.  It  can  be  raised  or  lowered  at 
will,  and  its  reflector  is  so  placed  that  as  much  light  as 
possible  falls  upon  the  scale,  whilst  the  flame  itself  is  kept 
out  of  sght.  In  mines  where  the  ground  is  stony  or  soft,  a 
cast-iron  shoe  with  a  hemispherical  steel  bead  is  placed  under 
the  staff. 

For  very  accurate  levelling,  Borchers'  vane-rod  is  generally 
used  in  the  Continental  mines.  To  enable  this  contrivance  to  be 
used,  all  the  station-points  must  be  marked  by  small  hooks  fixed 
into  the  roof  of  the  underground  road.  The  contrivance  consiato 
of  a  steel  rod,  rectangular  in  section,  6  feet  6  inches  in  length, 
provided  at  its  upper  end  with  a  movable  hook.  The  rod  is 
graduated  into  inches,  the  graduation  proceeding  from  the  inside 
of  the  hook  to  the  lower  end  of  the  rod.  Up  and  down  the  rod 
slides  a  sheet-iion  circular  vane  or  target,  8  inches  in  diameter, 
which  may  be  clamped  at  any  height.  At  right  angles  to  the 
longitudinal  axis  of  the  rod,  a  line  is  scratched  through  the 
centre  of  the  vane.  With  their  centres  truly  on  this  line,  three 
oircular  apertures  are  out,  two  0-4  inch  in  diameter,  and  one 
0-07  inch  in  diameter.  In  front  of  one  of  the  larger  openings  a 
piece  of  ground  glass  is  fastened.  To  the  back  of  the  vane  a 
vernier  is  fastened  with  its  zero  coinciding  with  the  horizontal 
line  scratched  on  the  vane. 

In  levelling,  the  rod  is  hung  from  a  hook  in  the  roof  of  the 
mine-road,  and  the  vane  placed  at  right  angles  to  the  line  of 
sight.  For  very  short  Btation-Iines,  the  flame  of  a  miner's  lamp 
is  held  behind  the  small  hole,  and  the  vane  moved  up  or  down 
until  the  horizontal  cross-wiie  of  the  telescope  coincides  with 
the  point  of  light  sighted.  For  greater  distances  of  60  to  200  yards, 
the  aperture  covered  with  ground  glass  is  used  if  the  air  is  clear ; 
with  still  greater  distances  the  uncovered  aperture  is  used.  Very 
long  station-lines  are  not  to  be  recommended,  on  account  of  the 
difficulty  of  communicating  with  the  asBiatanb 
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This  levelling-rod  is  ezoeedingly  eim^e.  It  IiftDgs  perpendi- 
oularly  by  its  own  weight,  and,  unlike  wooden  abavea,  it  la  not 
afiected  by  the  water  and  dirt  in  tlie  mine.  At  tlie  same  time 
it  presents  the  advantages  ot  fine  adjuBbment,  exact  reading, 
and  great  rajadity. 

Practice  ol  LevelUng. — ^If  it  is  required  to  determine  the  diffei- 
enoe  of  level  between  two  Taints  not  very  Ear  apart,  this  may  be 
done  by  simple  levying.  For  this  purpose,  the  levelling-instru- 
ment  is  set  up  midway  between  the  two  stations  A  and  B,  Fig. 
109.    With  (he  bubble  remaining  unmoved  in  (he  middle  ol  its 


,  J^ 


Fig.  109. 


Elg.  110. 


tube,  the  telescope  is  directed  towards  a  stafi  held  vertically  at 
A,  and  the  reading  h  noted.  The  staff  is  then  held  vertically 
at  B,  and  the  telescope  directed  towards  it,  the  reading  h'  being 
noted.  The  difference  of  level  between  the  two  points  A  and  B 
is  then  h  —  h',  and  B  is  higher  than  A  when  h  is  greater  than 
A'.  The  difference  of  level  is  thus  determined  by  two  readings 
on  the  etafi,  one  with  the  telescope  directed  backwards  towards 
the  staff  at  A,  and  the  other  with  the  telescope  directed  for- 
wards to  the  staff  at  B,  or,  in  other  words,  by  means  of  a  back- 
sight and  a  foresight. 

In  order   to   obtain   the   greatest 
accuracy,  the  instrument  is  set  up  as 
nearly  as  possible  midway  between 
Fig,  111.  the   two   stations    A  and   B.     The 

advantage  of  thus  placing  the  in- 
strument is  that  the  instrumental  errors  and  the  errors  doe  to 
the  curvature  of  the  earth  and  to  refraction  are  neutralised. 

Let  the  instrument  be  set  up  at  m.  Fig.  110,  so  that  ma  =  mb, 
and  let  a  b  be  a  horizontal  line.  Then  if  all  the  sources  of  error 
act  in  such  a  way  that  the  optical  axis  of  the  telescope  directed 
towards  the  staff  at  A  gives  an  angle,  amd,  with  the  horizontal 
line,  the  cross-wires  of  the  telescope  will  not  ooindde  with  the 
point  a,  but  with  the  point  d,  and  on  directing  the  telescope 
to  the  BtaS  at  B,  the  cross-wiies  will  coindde  not  with  pdnt  b. 
but  with  e.    The  same  causes  being  at  woric  in  both  positions  of 
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the  telescope,  the  angles  amd  and  bmc  must  be  equal.  Because 
ma  =  mb,  ad  =  bc.  The  difierence  in  level  is  equal  to  h  —  k' 
— ^that  is,  (Aa-\- ad]  ~  (Bb  +  b c).  It  is  here  assumed  that 
the  condition  of  the  atmosphere  is  the  same  with  the  fore-sight 
as  vith  the  back-sight,  and  thus  the  lefraction  ie  the  same  in 
both  cabea. 

The  influence  of  the  curvature  of  the  earth's  surface  is  depen- 
dent on  the  radius  of  the  earth,  r,  and  on  the  distance  I  between 
the  instrument  and  the  atad.  Imt^ne  an  arc  of  a  drde  to  be 
described  pasdng  through  the  telescope  axis  A,  Fig.  Ill,  and 
with  the  centre  of  the  earth  as  centre.  The  aro  will  intersect  the 
staff  set  up  at  B  in  the  point  C.  The  curvature  in  the  figure 
is,  of  course,  very  much  exaggerated.  The  horizontal  line  passing 
through  A,  intersects  the  stafE  at  the  point  D.  Thus,  A  G  is  the 
true,  horizontal  line,  A  D  the  apparent  horizontal  line,  and  C  D 
the  depression  of  the  tnie  below  the  apparent  horizontal  line. 
Then  the  correction  for  curvature  is  —  0  D,  a  third  proportional 
to  the  earth's  diameter  and  distance  between  the  level  and  the 

p 
staff.    CD  ie  thus  equal  to-q-.     For  a  distance  of  X  mile  this 

correction  is  6  inches,  or  two-thirds  of  a  foot.  Two-thirds  of  the 
square  of  the  distance  in  miles  will  be  the  amount  of  the  correction 
in  feet. 

The  error  C  D  is  diminished  by  the  refracting  action  of 
the  air  which  results  in  the  real  line  of  «ght  being  curved. 
The  curve  being  concave  downwards,  the  point  D  is  not  seen  at 
the  cioBs-wires  of  the  telescope,  but  the  point  E.    With  a  calm 

n 
clear  atmosphere,  D  E  is  equal  to  0-1348  C  D,  or  0-1318  ^. 

The  coefficient  0-1348  is  the  mean  of  the  detemuoations  of 
several  physimsts. 
The  total  error  due  to  the  curvature  of  the  earth  and  to 

refraction  is  thus  9 0-1348^= .     The  earth's  dia- 

meter  being  equal  to  41,778,000  feet,  the  correction  for  curvature 
and  refraction  per  mile  would  be 

0-4326  X  6280I  -i-  20,889,000  ==  0-577  foot  =  6-92  inches. 

At  distances  up  to  10  chains,  the  errors  produced  by  curvature 
and  refraction  are  so  smalt  that  they  may  be  neglaoted. 

In  crossing  over  a  deep  valley  it  is  sometimes  necessary  to  set 
up  the  level  at  one  of  the  points  A  and  the  staff  at  the  other 
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poiat  B,  in  which  com  the  height  of  the  centre  o{  the  inBtrument 
above  iiba  ground  most  be  measured.  The  difference  of  level  d 
wU]  then  be  equal  to  the  height  of  the  inatniment  *  above  the 
ground,  leas  the  reading  on  the  staff  h — that  is,  d  =  i  —  h.  If 
the  conection  c  for  ourvatute  and  refiaotion  has  to  be  taken  into 
account  the  formula  becomes 

d  =  i-(k  —  c)  =  i-h  +  o. 
If  the  instrument  is  placed  at  B,  and  the  etafi  at  A,  the  diSeTenoe 
of  level  is 

d^h'-e-i'. 

The  mean  of  these  two  values  gives  the  diflerence  of  level  inde- 
pendenUy  of  all  correction — 

V-J      i-i- 

When  the  distance  is  too  great  oi  the  groand  too  much  inclined 
for  the  difEerenoe  of  level  to  be 
determined  by  one  operation, 
recourse  must  be  had  to  eom- 
potmd  levdling,  a  process  consist- 
ing of  several  simple  levelling 
^h.  JJ2.  operations.      Tbe    difierence  of 

level  of  each  two  successive 
points  is  determined  in  the  way  described.  Fig.  112  gives  an 
example  of  compound  levelling.  By  setting  up  the  levelling- 
instrnment  at  the  three  stations,  the  following  values  were 
obtained : — 

Buk-«^t  FDn.SI^ 


IMt. 

fMt. 

IMt. 

L  AD  =  6-71 

BE-  3-D2 

Riae  from  A  to  B  =  3-79 

n.  CF  =  7-86 

CQ   =  2-41 

Rise  from  B  to  C  =  5-4(i 

m.  HO  =  2-84 

DI    =  6-39 

FaU  from  C  to  D  -  3-6fi 

17-41  12-72  BiM  >«  4-69 

if  the  baok-sight  is  greater  than  the  fore-sight,  the  ground 
rises.  If  the  fore-sight  is  greater  than  the  baok-sight,  the 
groond  falls.  The  rises  being  regarded  as  positive  and  the 
falls  as  negative,  the  algebraical  sum  gives  as  the  result  of  the 
levelling  that  D  is  4*69  feet  higher  than  A.  The  same  result 
is  obtained  when  the  sums  of  the  back-sights  and  of  the  fore- 
sights are  taken,  and  the  smaller  sum  subtracted  from  the 
taiger.     Thus  17-11  —  12-72  =  1-69.     The  diSerenoe  obtained 
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is  difieience  in  level  between  the  end  points.  It  indicate  a  rise 
when  the  sum  of  the  back-sights  is  the  greater,  and  a  fall  when 
that  of  the  fore-sighte  is  the  greater. 

This  is  the  method  of  conducting  a  flying-lev^ — that  is,  a 
levelling  operation  merely  to  determine  how  much  one  point  is 
above  or  below  another.  If,  for  example,  it  is  required  to  deter- 
mine what  thidcnesB  of  strata  there  is,  at  a  certain  prant  A  at 
the  surface,  above  the  present  workings  in  the  mine  below  it, 
the  depth  of  the  shaft  ie  measured,  and  levelling  commenced 
at  the  bottom  of  the  shaft  and  continued  to  the  point  under- 
ground directly  below  A.  A  flying-level  is  then  made  at  the 
surface  from  the  shaft  to  A.  The  depth  of  the  shaft  being  known, 
the  thickness  of  the  strata  at  A  can  be  calculated  from  the  rise 
or  fall  determined  at  the  surface  and  ondeiground.  Thus,  if 
the  shaft  is  300  feet  deep,  and  the  point  underground  is  found 
to  be  6  feet  lower  than  the  bottom  of  the  shaft,  whilst  the  point 
A  at  the  surface  is  found  to  be  40  feet  higher  than  the  top  of  the 
ehaft,  the  thickness  of  the  strata  atAwillbe300-|-6-|-40  = 
346  feet. 

Swtlon-levelUiig. — When  a  section  of  the  ground  is  to  be  drawn, 
the  distance  between  the  several  stations  must  be  carefnlly 
measured.  The  levelliog-instruihent  should  be  placed  as  near  aa 
possible  midway  between  the  two  stations,  and  the  levelling  is 
then  conducted  in  the  manner  described.  To  facilitate  the 
plotting  of  the  section,  the  levels  of  the  various  points  are  calcu- 
lated with  reference  to  an  assumed  level-line  oaUed  the  datum- 
line,  such  calculated  levels  being  called  reduced-levels.  In  order 
to  avoid  complication,  it  is  advisable  to  choose  such  a  datum-line 
that  the  levels  of  all  the  points  concerned  in  making  the  section 
are  above  the  datum-line. 

The  observations  are  recorded  in  the  levelliitg-book  in  the 
manner  shown  in  the  table  on  p.  274. 

The  starting-point  is  60  feet  above  the  datum-line,  which  in  this 
case  was  the  level  of  the  high-water  mark  at  London  Bridge. 
The  figures  in  the  "  Rise  "  and  "  Fall "  columns  are  obttuned 
by  taking  the  difierence  between  the  back-sights  and  fore-sighta. 
Keduced  levels  are  obtained  {vogressively  by  adding  or  subtracting 
the  riae  or  fall  to  or  from  the  reduced  level  of  the  back-sight, 
bearing  in  mind  that  the  point  at  which  the  fore-sight  for  one 
Betting  is  taken  is  the  same  as  that  at  which  the  back-sight  fot 
the  succeeding  setting  is  obtained.  Thus,  for  setting  E,  the 
reduced  level  of  the  back-sight  having  been  ascertained  to  be 
flO-18,  that  of  tiie  fore-sight  is  equal  to  60-16  —  609  =  6S-09. 

18 
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Mo. 

!S: 

ife 

Blw. 

™,. 

RedDcad 

L«T«I>. 

Sunarla. 

A 

5-*B 

0-06 

6-43 

66-43 

Chalu. 
1-SO 

Baok-sigbt 

B 

4-32 

2-24 

2-08 

S751 

4-70 

ia  SO-OO 

C 

8-40 

1-S2 

6-88 

S4-30 

912 

ft.  Above 

D 

3-21 

7-42 

4'21 

60-lS 

10-36 

ditum. 

E 

1*1 

e-60 

509 

M-09 

13-06 

V 

1-68 

4-53 

2.85 

52-24 

ie-3S 

a 

7-20 

0-22 

6'»8 

69-22 

19-98 

H 

12-60 

•■61 

3-09 

62  31 

24'98 

J 

0-Sl 

0-33 

B18 

71-49 

2918 

K 

S-02 

4-18 

0-84 

72-33 

32-78 

L 

B-08 

4-02 

1-06 

73-39 

36-36 

6-01 

3-07 

2-04 

76-33 

40-68 

N 

4-00 

2-B2 

79  16 

46-73 

76-75 

47  60 

41-30 

1216 

79-16 

.. 

47-60 

1216 

BO-00 

MIS 

29-16 

29-16 

As  a  test  of  the  accuracy  of  the  arithmetical  frork,  the  colimma 
of  back-  and  foie-siglits  should  be  added  up,  and  the  smaller  sum 
Bubtiacted  fiom  the  laiger.  The  result  should  agree  with  the 
calculated  height  above  datum.  Another  test  is  afioided  by 
adding  up  the  rise  and  fall  oolumns,  when,  if  upon  subtracting 
the  smaller  sum  from  the  greater,  the  remainder  is  the  same  aa 
that  obtained  by  the  two  other  operations,  there  can  be  no  doubt 
that  the  levels  have  been  correctly  calculated.  Thus,  in  the 
example  given,  the  height  of  N  above  the  starting-point  is 
79-15  —  50-00  =  29-15  feet.  The  sum  of  the  back-sighta  being 
76-75,  and  that  of  the  fare-sights  47-60,  the  difierence  also  gives 
29-15  feet  aa  the  height  of  N  above  the  starting-point.  lastly, 
the  sum  of  the  rises  is  41-30,  and  that  of  the  falls  12-15,  the 
difference  being  29-16  feet  as  before. 

In  order  to  make  a  correct  section  of  a  continnous  surface,  the 
levels  of  a  series  of  points  may  be  determined  with  the  instrument 
at  one  station.  The  first  and  last  observations  are  then  the 
prindpal  back-  and  fore-sights  respectively.  Thus,  in  Fig.  113, 
A  is  a  station  where  the  instrument  is  set  up,  and  6  A  c  is  the 
line  of  mght.  The  first  back-sight  is  taken  with  the  staff  at  the 
starting-point  B,  of  whioll  the  height  above  the  datum-liqe  is 
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known.  The  reading  on  the  staff  is  B  b,  oi  2*95  feet.  Between 
the  points  B  and  C,  several  intermediate  sights  are  taken.  The 
£ist  intermediate  aight,  taken  with  the  stafi  at  the  point  marked 
1,  is  at  the  same  time  a  fore-sight  to  B,  and  a  back-sight  to  the 
point  marked  2  ;  3  is  a  fore-sight  to  2  and  a  back-dght  to  i,  and 
BO  on  with  the  other  points.  The  final  foie-sight  for  the  first 
Betting  of  the  instiument  is  taken  with  the  stafi  at  C.  iriving  the 


Tig.  US. 
_  C  c,  or  0-58  foot.  When  the  level  is  carried  on  to  a  new 
station  D,  the  assistant  holds  the  staff  at  C,  at  exactly  the  same 
point  as  it  was  for  the  fore-sight  from  A.  The  first  back-sight 
0  c*  or  8-20  feet  is  taken,  and  the  process  repeated  until  the 
fore-dght  E  e,  or  1-01  foot,  is  taken. 

The  readings  are  recorded  and  reduced  in  the  manner  shown 
in  the  following  table : — 

FOBM  OF  RECORD  U. 


So. 

•igbt.' 

Sate- 

KiM. 

»,. 

B«da«ed 

LeralL 

.u™,.. 

1 

2-96 

3>99 

1-04 

98-96 

36 

FirrthBck 

2 

3-99 

4-90 

0-91 

98-06 

90 

aigbtls 

S 

4-90 

3-99 

6-91 

98-96 

126 

100  foot 

i 

3-99 

3-08 

0-91 

99-87 

166 

above 

5 

3-08 

1-07 

2-01 

101-88 

220 

datum. 

6 

1-07 

1-88 

o'si 

101-07 

24S 

7 

1-68 

5-00 

312 

97-96 

296 

8, 

600 

6-52 

0-52 

97-43 

336 

9 

6-62 

1-23 

4-29 

101-72 

400 

10 

1-23 

0-68 

0-66 

102-37 

420 

11 

8-20 

7-30 

0-90 

103-27 

466 

12 

7-30 

e-50 

0-80 

104-07 

615 

13 

6'SO 

2-OS 

4-42 

108-49 

680 

U 

2-08 

1-81 

0-27 

108-76 

68S 

U 

1-81 

l-Ol 

0-80 

109-66 

740 

59-ao 

i»U 

i6-ge 

e-40 

109-66 

49-94 

6-40 

100-00 

9-66 

9-ca 

9-ea 
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The  fimt  back-nght  and  last  f  ore-nght  of  «acli  line  of  sight  are  the 
moBt  important  in  point  of  acouiacy.  Any  error  made  in  taking 
an  intermediate  eight  aSecta  the  point  at  which  it  was  taken 
«nly,  whilflt  any  error  in  the  back-sight  or  fore-sight  ia  carried 
oa  throughoat  the  section.  In  order  to  correct  for  curvature' and 
refraction,  the  firot  back-sight  and  last  fore-sight  of  each  line 
should  be  at  points  as  nearly  as  practicable  equidistant  from  the 
instrument. 

In  recording  the  readings  in  the  levelling-book,  a  separate 
column  may  with  advantage  be  used  for  the  intermediate  sights. 
The  readings  are  reduced,  and  the  computations  checked  in  the 
manner  shown  in  the  following  table : — 

FORM  OF  BBCOBD  m. 


Ko. 

Bwk- 

Intar- 

Fore- 

Kl». 

Fill. 

luaveti 

ToUl 

risht.' 

■iKhC. 

LereU. 

UlUDOM 

FMt. 

linka. 

1 

S-SS 

100-00 

0 

8 

3*89 

1-04 

08-96 

36 

490 

0-91 

980S 

90 

3 '90 

0-91 

es-ofl 

126 

3-oe 

001 

99  87 

166 

1-07 

2-Oi 

101-SS 

220 

1-SS 

o'si 

101-07 

246 

6-00 

312 

91-05 

298 

5-52 

0-62 

97-43 

336 

10 

1-23 

4-29 

101-72 

400 

11 

8-'20 

0-68 

0-6S 

102-37 

420 

12 

7-30 

0-00 

103-27 

466 

13 

6-60 

0-80 

104-07 

SIS 

14 

2-OB 

4-42 

108-49 

680 

Ifi 

1-81 

0-27 

108-76 

635 

16 

1^)1 

0-80 

100-56 

740 

11-16 

1-60 

15'Oe 

6-40 

109<i56 

1-86 

6-40 

100-00 

0>H 

6-S6 

B-E6 

There  is  a  second  method,  known  as  the  collimation  method,  of 
reducing  levels.  It  saves  one  column  of  ^;ures,  and  is  easier  to 
work  out,  aa  the  distinction  between  rises  and  falls  is  not  con- 
sidered. The  following  is  the  form  of  record  i — 
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FORM  OF  RECORD  IV. 


Buk- 

iDtcr- 

Von. 

llgbU. 

SedDced  Level 

Colllmfttloa. 

Reduced 

Levels. 

«2t. 

0-16 
6^9 

4*80 
3-80 

5-M 
086 

s'-w 

306-04 
303'63 

Stet. 
206-89 
201-24 
202-24 
108-04 
198-00 
104-28 
193-89 

Chalu. 
0-00 
1-00 
2-00 
3-00 
4-00 
S-00 
6-00 

s-e4 

17-64 

SOS-89 
10389 

12-00 

12-00 

Id  the  cdiunn  headed  "  reduced  levels  of  ooUimation "  the 
figures  are  obtained  b;  adding  the  back-s^ht  reading  to  the 
reduced  level  of  the  point  on  the  grouiid  at  which  the  back-sight 
was  taken.  The  reduced  levela  of  the  remaining  points  on  the 
ground  are  obtained  by  subtracting  each  of  the  staff- readings, 
whether  intermediate  or  fore-eight,  from  the  corresponding 
reduced  c<Jlimation-leveIs.  Thus,  in  the  record  given,  the  first 
reduced  coIUntati on-level  is  obtained  by  adding  0-15  to  205-89, 
which  gives  206-04,  and  from  this  are  subtracted  each  of  the 
readings  4*80,  3-80,  and  8-00.  The  second  reduced  collimatioD- 
level  is  obtained  by  adding  the  back-sight  reading  6*49  to  the 
ledaced  level  198-04. 

Should  it  be  required  to  work  ont  the  levels  backwards,  the 
rule  is : — ^Add  the  fore-si^ht  readings  to  the  reduced  level  of  the 
corresponding  ground  pomt  at  which  they  were  taken,  in  order 
to  obtain  the  reduced  levels  of  collimation,  and  then  subtract 
the  corresponding  intermediate  and  back-sight  readings. 

On  reaching  the  bottom  of  a  page  in  the  levelling-book,  if  there 
is  no  necessity  to  move  the  instrument,  the  last  intermediate 
sight  is  booked  as  a  fore-sight  at  the  bottom  of  the  page,  and 
^ain  as  a  back-sight  at  the  top  of  the  following  page.  By  so 
doing,  the  same  number  is  added  to,  and  subtracted  from  the 
collimation  height,  and  consequently  the  reduced  heights  are 
not  aSected.  The  accuracy  of  the  calculations  is  ascertained  in 
the  ordinary  way,  by  adding  all  the  back-sights  and  all  the  fore- 
sights, and  subtracting  the  smaller  total  from  the  lai^er  one. 
It  must  be  home  in  mind,  however,  that  in  the  oolUmatioa 
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method  of  calculation  no  anthmetical  check  on  the  oaloulatjon 
of  the  reduced  levels  of  the  intermediate  sighta  is  obtained. 

A  modification  of  thU  form  of  booking  will  be  found  advan- 
t(^eou8  for  levelling  in  mineB.  Only  two  columns  are  used  for 
entering  the  heights  observed  on  the  stafi.  The  intermediate 
and  foie-sigbtB  are  placed  in  one  column,  the  latter  being  di»- 
tinguiehed  by  being  underlined. 

The  advantages  of  this  method,  especially  for  underground 
levelling,  are  apparent,  as  it  necessitates  the  writing  of  fewer 
figures.  The  form  of  record  for  this  system,  recommended  by 
Mr.  H.  W.  Hughes,  is  shown  by  the  extract  from  his  levelling- 
book  of  a  South  Stafiordshire  colliery.    (Record  V.) 

Bench  Mario. — When  a  section  has  been  completed,  it  is 
generally  necessary  to  check  its  accuracy  by  repetition.  To  do 
this,  it  IS  advisable  in  levelling  to  follow  the  shortest  route,  and 
to  level  at  intervals  to  some  known  points  on  the  line  of 
section,  The  pointy  thus  selected  are  usually  bench  nuirks. 
These  ai«  fixed  points  of  reference,  the  levels  of  which  are  known. 
In  the  Ordnance  Survey  of  Great  Britain,  the  bench  marks  are 
generally  chiselled  on  some  permanent  stone  dab,  pillar,  or  walL 
The  form  of  mark  for  them  is  the  broad  arrow  /T\  In  level- 
ling on  long  lines  of  section,  a  bench  mark  is  generally  made  at 
about  every  quarter  of  a  mile,  ao  that  any  error  in  the  operation  may 
not  involve  re-levelling  the  whole  line.  By  referring  to  the  maps 
of  the  Ordnance  Survey,  the  heights  may  be  found  of  the  bench 
marks  above  the  datimi-line  (the  level  of  mean  tide  at  Liverpool). 

In  collieries  it  is  the  general  practice  to  record  the  levels  of 
the  works  from  some  tixed  datum  near  the  shaft,  as,  for  example, 
the  flat  sheets  at  the  top  or  bottom  of  the  shaft,  the  delivery  of 
water  from  the  high  set  of  pumps,  or  some  other  fixed  point. 
Mr.  J.  A.  RamBay  *  proposes  to  take  or  continue  the  Ordnance 
levels  into  the  worlangs.  In  the  Ordnance  bench  mark  the 
broad  arrow  points  upwards  to  a  horizontal  line.  To  make  a 
distinction,  it  is  suggested  that  as  soon  as  the  levels  become  lower 
than  the  datum-line  or  aea-level,  the  broad  arrow  should  be 
reversed.  The  levels  obtained  in  this  way  may  be  written  upon 
the  plan  in  plain  figures  at  particular  points  on  the  main  roads,  and, 
when  necessary,  may  he  continued  into  the  face  of  the  workings. 

Mr.  Ramsay  gives  the  accompanying  extract  from  his  level- 
ling-book  to  illustrate  the  method  he  proposes  of  continuing  the 
Ordnance  levels  into  the  workings  oE  a  colliery.    (Record  VI.} 
•Tnuu.  S.  Sng.  /nrt.  M.E.,  toL  xx.,  1870.  p.  78. 
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Kanud 

•If^ 

■sS' 

X«lDC«d 

LovtU. 

Kemarki. 

ftwt. 

Dftlum  100  feet  below  inset,  dutuue 

0-70 

102-72 

6,466 

0fBBun.-Coal,3'9";  dirt,  0' 6"; 
<ioal.3'2";  flooroompowdof oU;. 

2-68 

100-44 

6,500 

6-74 

07-68 

5,544 

3"  up  ooai. 

013 

5fl8 

92-78 

6,600 

floor  of  ooftL 

013 

a-37 

86-40 

6,071 

p-88 

2M 

84-43 

6.700 

6-3S 

82-02 

5,761 

3"  up  oo»l. 

406 

4-96 

81-61 

5,800 

5"  below  ooaL 

s^e 

82-82 

5.823 

floor  of  oofJ. 

4-00 

foot  of  fault,  rise  about  9  juda,  fanlt 

4-30 

82-52 

6,900 

hadM  15°. 

008 

86-64 

5,96« 

S-18 

2:30 

91-62 

6,015 

4-60 

oie 

05-86 

6,048 

6-20 

0-06 

101-10 

6,078 

crosaiiig  meMnrM  below  oo«L 

360 

001 

104-89 

0,111 

«-68 

0  01 

111-46 

8,136 

4'lfi 

460 

111-11 

6.261 

floor  of  seam. 

2SS 

113-26 

6,348 

1'  0"  above  bottom  of  coal. 

2^5 

112-86 

6,402 

0'  0"        „ 

4-48 

4-40 

112-88 

0.517 

floor  of  ieam.  nxtd  to  lef t 

3^ 

113-70 

6,623 

2"  above  bottom  of  ooal. 

3-08 

3-11 

1U-S2 

6,781 

floot  of  ooaL 

4-08 

113-60 

6.803 

B-10 

112-48 

6,021 

5-30 

112-33 

7,017 

3""bebwco»l. 

Aw/.— Total foie-Bighta  =  38-69;  total baok-sightB  =  4S-30.  Di&eieooe 
(ris..  rlM)  =  9-01.  whioh,  added  to  102-72.  the  leduoed  height  *t  6,466, 
glTM  lia->3,  Um  ndnoed  hoight  at  7.017. 
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FORM  OF  RECORD  VI. 

Em.       VaU.      DKtnm.    ^ 


0-85 

S'19 
5-04 
S'70 


3-45 
S-97 
a-89 
2-<K 


0-ei 
0-75 
015 


84-13 
7716 
76-35 


442-60 
441-90 
441-76 
440-00 
441-30 


466-00 
403-ea 


234 
3-8a 
4-4B 
4-82 
4-16 
3-37 


0-97 
2-43 


3-16 

4-00 

IS     4-73 


17      2-78      4-71 


463-00 
466-43 
468-30 
469-30 
468-67 
466-97 
4B7<66 
469-SO 


The  flat  ibsBU  on  Up  ol  pit. 

Take  Depth  ot  Uie  Pit  with 
100  feet  Chain. 

Depth.  S18  ft.  11  in.=>6l8-91. 
hem  •oifaoe  height  abore 
datDm. 

rFlat  iheet*  at  bottom  of  pit ; 
leTsned  Oidnanoe  B.H.  cat 
into  itone  walling,  aide  of  iBt, 

Level  down  Oooa^Dt  to  make 
Seotion  foe  EogitM  Plant 

7-9  ft.  high— Bard  port  oo*er. 

75      „ 

8-0      „ 

„      — Bine  metal  oovet. 
H  „     (timbend). 

(On  the  blow  ol  large  down- 
throw trouble,  meaaorc 
down,  with    atraigbt    edge 

.  and  plamb-Une. 

Di>tane»— e  ft.-|-61  ft.+S)  ft. 

+  6ft.+8ft.-27ft 
/Down,  4-33  +  4-4S  +  3-; 

L   3-32  +  6-20  =•  W-e9. 

{4  ft.  high — Boot  Ten  joint; 
and  Md — top  coal  left  on. 
/4-3  fuU  height  of  (earn,  bai 
\  roof,  olost^  timbered. 
4-6 

{5-0  better  roof,  tjmbemd  in 
plaoea  only. 
(5-0  ordino^  height  of  aei 
good  rooK 
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Hie  RenecUng  Level. — Foi  lougli  Buifoce  levelling  the  leflectii^ 
level  m&y  he.  used.  It  consists  of  a  small  sighting-tube,  with  a 
bubUe-tube  set  above  it.  It  ie  so  arranged  that  the  bubble  is 
seen  through  the  bottom  of  its  tube,  and  reflected  by  a  mirror 
into  the  sighting-tube.  An  instrument  of  this  kind,  invented 
by  Aboey,  is  also  useful  as  a  clinometer.  In  this  instrument 
the  bubble-tube  is  fastened  to  an  arc  2}  inches  in  diameter. 
In  taking  a  level,  the  vernier,  fastened  to  -a  bar  at  right  angles 
to  the  spirit  level,  is  set  to  the  zero  of  the  vertical  arc.  On  looking 
through  the  tube,  the  object  observed  will  be  level  with  the 
eye  when  it  is  intersected  by  the  bubble.  The  results  obtained 
are  very  satisfactory.  Like  all  reflecting  instruments,  this  level 
is  uselescbin  the  bad  light  of  a  mine. 

Sourefls  of  Error  in  Spint-Levellli^. — There  are  four  sources  of 
error  in  levelling — 1,  Errors  of  observation ;  2,  instrumental 
errors ;  3,  errors  from  unstable  supports ;  4,  atmospheric  errors. 

Errors  of  observation  are  mostly  unavoidable,  and  arise  chiefly 
from  the  bubble  not  being  carefully  centred.  Instromental 
erron  are  due  to  the  instrument  not  being  in  adjustment,  and 
to  the  staS  not  being  vertical.  Errors  from  unstable  supports 
can  only  be  eliminated  by  duplicating  the  levelling  in  the  opposite 
direction,  and  by  taking  the  mean  of  the  results.  Atmospheric 
errors  arise  from  wind,  tremulousness  of  the  air  in  olear  sunny 
weather,  and  variable  refraction  due  to  sudden  bursts  of  sun- 
shine on  the  line. 

A  waterproof  cloth  should  be  thrown  over  the  level  in  case  of 
tain.  Staves  should  be  wiped  dry  after  being  exposed  to  the 
rain,  placed  horizontt^y  to  prev^  war^nng,  and  occasionally 
comptned  with  a  standard  length. 

Acetuaey  Attafnahle  la  Splrit-tevelHng.— Mr.  W.  Seibt  arrives 
at  some  interesting  results,  calculated  from  observations  made 
under  ordinary  conditions.  His  telescope  of  18-inch  fooal  length 
had  a  minifying  power  of  42,  and  an  object  glass  of  If-inch 
aperture,  besides  a  very  sensitive  spirit  level.  The  instrument 
was  always  set  up  midway  between  the  back  and  forward  staves, 
and  the  observatjons  taken  by  one  central  cross-wire  ;  both  ends 
of  the  spirit  level  being  read  at  each  observation.  Observations 
were  only  made  in  still  clear  weather ;  the  back-  and  fore-mghts 
being  taken  as  soon  as  possible  after  one  another.  Each  comj^ete 
observation  occupied  6  minutes,  and  24  pairs  of  observations 
were  taken  at  each  station.  Although  the  mine-surveyor  is  rarely 
in  a  position  to  use  an  instrument  as  delicate  as  that  described, 
the  results  arrived  at  are  of  interest  for  the  sake  of  oompaiiBon. 
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The  mean  eiror  m,  in  an  observation  oonsiBting  of  a  back-  and 
fore-reading,  was  found  to  be  as  follows  : — 

At    GO  motrei  (164  feet)  ±  028  miUimetm  (0-011  inch). 

»   100     ■,        (328    „  )  +  0'62  „        (0-024    „   ). 

„  ISO     „        (492    „  )  ±  0-Tl  „        (0-02S    „    ). 

»  200     „        (SSe    „  )  ±  0-91  „        (0-086    „    ). 

The  distance  for  obeerving  ehould  be  limited  by  the  capacity 
of  the  observer  and  of  liis  instrument.  It  will  always  be  rightly 
chosen  when  it  is  extended  aa  far  as  the  nature  of  the  groosd  to 
be  levelled  will  allow,  and  on  the  other  hand,  when  it  is  so  short 
that  no  trace  of  air  movement  is  noticeable  through  ^e  tele- 
acope,  and  the  graduation  of  the  staS  is  presented  as  a  perfectly 
stationary  and  sharply-dehned  image.  If  this  principle  is  acted 
on,  it  is  asserted  that  the  mean  error  per  kilometre  sbonld  not 
exceed  0-64  millimetre,  as  in  extensive  levelling  operataons  the 
line  of  sight  does  not  usually  exceed  100  nietres. 

At  the  second  International  Geodetic  Conference  it  was  de- 
cided that  the  probable  error  in  the  difierenoe  of  level  between 
two  points,  1  kilometre  apart,  must  not,  as  a  rule,  exceed  3  milli- 
metres, and  in  no  case  exceed  6  miliimetres.  According  to  the 
report  of  the  United  States  Coast  and  Geodetio  Survey,  on  the 
line  from  Sandy  Hook  to  St.  Louis  1,009  milee  in  length,  the 
probable  error  per  kilometre  was  1-2  Dullimeties. 

As  an  instance  of  the  accuracy  attainable  in  levelling.  Captain 
Henrici,  RE.,  of  the  Ordnance  Survey,  Southampton,  stated 
that  the  error  oa  two  circuits,  each  between  260  and  300  miles 
in  length  was  0-032  foot  on  one  circuit  and  0-022  foot  on  the  other. 
The  levelling  was  performed  with  a  Zeiss  level,  and  specially 
accurate  levelling- staves  were  employed.* 

notttng  SwtloDS. — In  order  to  plot  a  section  from  the  reduced 
levels  as  entered  in  the  levelling- book,  it  is  first  necessary  to 
rule  a  straight  line  to  represent  the  datum-line  from  which  the 
heights  are  osculated.  Along  this  line  the  horizontal  distances 
between  the  points  are  marked  o5,  and  at  each  point  a  line  is 
diawn  at  right  angles  to  the  datum-line.  Along  the  lines  thus 
obtained,  the  vertical  heights  are  marked  off,  the  figures  given 
in  the  "  reduced  levels  "  column  being  used  for  tlus  purpose. 
In  marking  oS  on  the  datum-line  each  distance  separately,  any 
error  made  is  carried  forwards.  To  remove  this  source  o(  error, 
it  will  be  found  advisable  to  add  the  measured  lengths  together 
•  3'rwu.  /*Mf.  of  Min.  Ettg.,  toL  xlvL,  p.  303. 
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■o  as  to  obtain  the  absolute  diatance  of  eacli  station  from  the 
starting  point. 

As  &  rule,  in  plotting  a  section  two  soales  are  used,  one  for 
the  horizontal  distances,  and  the  other  for  the  vertical  heights 
and  depths.  An  exaggerated  representation  of  the  section  is 
thus  obtained.  By  making  the  vertical  scale  much  greater  than 
the  horizontal  one,  the  depths  of  cutting  and  embankment 
required  are  shown  vith  greater  clearness  than  if  both  scales 
are  the  same.  The  section  shown  in  Fig.  113  is  plotted  on  a 
horizontal  scale  of  3  ohains  to  the  inch,  and  a  vertical  scale  of 
30  feet  to  the  inch. 

Sections  of  the  main  ways  in  collieries  are  usually  plotted  on 
■  horizontal  scale  of  2  chains  to  the  inch,  and  a  vertical  scale  of 
30  feet  to  the  inch.  As  a  rule,  the  scale  for  the  horizontal  dis- 
tances should  be  the  same  as  that  of  the  plan  with  which  it 


Sections  may  be  plotted  with  great  rapidity  by  means  of 
Horguois  scales.  These  consist  of  a  right-angled  triangle,  the 
hypothennse  of  which  is  three  times  the  length  of  the  shorter 
nde,  and  two  rectangular  scales  of  equal  parts,  each  with  two 
scales,  a  so-called  artificial  scale  placed  close  to  tiie  edge,  and  a 
natural  scale  immediately  within  this.  The  dividons  on  the 
artificial  scale  are  three  times  the  size  of  those  on  the  natural 
scale.  The  latter  is  a  simply  divided  scale  of  equal  parts,  with 
the  divisions  numbered  from  left  to  right.  In  the  artificial  scale 
the  zero  is  placed  in  the  middle  of  the  edge  of  the  rule,  and  the 
divisions  are  numbered  both  ways  from  that  point  to  the  two 
ends  of  the  rule.  A  pair  of  Marquois  scales  usually  has  scales  <A 
30,  60,  25,  60,  36,  45,  20,  and  40.  The  triangle  has  a  short  line 
drawn  perpendicular  to  the  hypothenuse  near  the  middle  to 
serve  as  an  index. 

To  draw  a  line  parallel  to  another,  one  of  the  rulers  is  laid  on 
the  paper,  and  the  short  fride  of  the  triangle  placed  c^ainst  it, 
when  paiallel  lines  may  be  drawn  by  sliding  the  triangle  up  or 
down. 

To  draw  a  line  perpendicular  to  a  given  line  from  a  given 
point  in  it,  the  shortest  side  of  the  triangle  is  made  to  coincide 
with  the  given  line,  and  the  ruler  placed  against  the  hypothenuse. 
The  triangle  is  then  slid  along  the  rule,  until  a  line  drawn  along 
the  longest  side  of  the  triangle  passes  through  the  given  point. 

With  these  scales  the  sight  is  assisted  by  the  divisions  on  the 
artificial  scale  being  so  much  larger  than  those  of  the  natural 
Kale  to  which  the  section  is  drawn,  and  any  error  on  the  setting 
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of  the  index  produced  ao  error  of  but  one-third  the  amount  in 
thfi  seclaon. 

For  the  purpose  of  receivii^  the  plotting  of  sections,  a  special 
kind  of  paper  is  prepared,  on  which  faint  tinea  are  printed, 
dividing  it  horizontally  and  vertically  into  one-twenldethB  of  as 
inch.  B7  the  use  of  this  section-paper,  much  time  is  saved,  as 
no  scale  is  required. 

The  Water-Level  is  a  very  simple  instrument,  which,  when 
necessary,  may  take  the  place  of  a  more  elaborate  levelling- 
instrument.  It  requires  no  adjustment ;  it  may  be  made  by  any 
intelligent  workman  at  very  Blight  expense ;  and  in  ohort  dift- 
tances  no  serious  error  can  be  made  when  using  it.  It  consists 
of  a  horizontal  tube  made  of  tin-plate  or  brass,  terminated  at 
each  end  by  a  vertical  glass  tube  in  which  the  surface  of  a  liquid 
gives  a  horizontal  line.  By  means  of  this  line,  the  vane  of  a 
leveUing-stafi  is  adjusted  to  the  right  height.  The  tube  is  made 
so  as  to  revolve  on  a  light  portable  stand. 

A  water-level  (ckorobales)  is  described  by  T^tniviua  (de  Archi- 
tedara,  viii.  6),  as  used  in  the  construction  of  the  Bomaa 
aqueduote.  It  consisted,  not  of  a  tube,  but  of  an  open  trench 
6  feet  long,  1  inch  wide,  and  1^  inches  deep,  cut  in  a  plank  20  feet 
in  length.  It  was  adjusted  until  the  water  was  at  the  same  height 
from  the  top  at  each  end.  The  plank  was  provided  with  tegs 
aooorately  at  right  angles  to  it.  They  were  m  equal  length,  and 
rested  on  the  line  to  be  levelled. 

The  water-level  was  in  common  use  in  the  Derbyshire  lead- 
mines  in  the  17th  century.  The  method  of  levelling  then  em- 
ployed is  described  by  Thomas  Houghton,  writing  in  1681,  aa 
lollowB : — 

"  The  Instrument  for  this  purpose  may  be  like  ^e  following-^ 
viz.,  a  Water  Stand,  with  one  or  more  Channels,  wluch  the 
Miner  may  make  himself,  upon  an  old  seasoo'd  Joyce,  cutting  a 
Mortess  tiierein,  a  yard  long,  or  more,  as  his  own  Discretion 
directs,  plaining  the  same  very  well  and  even." 

The  observer  sights  through  a  hole  above  the  water  channel, 
at  a  staff  6  yards  long  ;  the  staff  being  moved  until  the  top  of 
it  can  be  seen.  The  instrument  is  then  moved  to  the  place 
occupied  by  the  stafi,  and  the  operation  repeated,  "  till  you  have 
finished  the  whole,  and  come  to  the  Place  where  you  intend  to 
begin  your  Sough  (adit  level) :  then  reducing  your  Poles  into 
Fathoms,  compare  them  with  the  depth  of  your  Mine,  and  thua 
you  may  know  whether  it  will  lay  it  dry  or  no." 

A  modificaiion  of  the  water-level  has  recently  been  employed 


,.  Google 


LsvxujHe.  286 

with  sncceas  by  Dr.  Luigi  Aita,  of  Padua.  His  inBttument  con- 
SBts  of  two  levelling-stavea,  in  front  of  each  of  which  a  glass 
tube,  7-8T  inches  long  and  0-79  inch  in  dismetei,  elides  up  and 
down.  The  two  glass  tubes  ate  connected  by  an  iudia-nibbei 
pipe,  30  yards  in  length.  At  one  end  of  the  india-rubber  tube 
is  a  stopcock,  by  means  of  which  the  connection  between  the  two 
glass  tabes  may  be  interrupted.  When  in  use,  one  glass  tube 
and  the  india-rubber  pipe  are  filled  with  a  coloured  liquid,  the 
staves  are  set  up  at  the  two  stations,  and  the  glass  tubes  raised 
approximately  to  the  same  height  at  both  stares.  The  stopcock 
is  then  carefidly  opened,  the  fluid  will  stand  at  the  same  level 
in  both  glass  tubes,  and  its  position  can  be  read  at  both  staves. 
With  this  instrument  a  mile  may  be  levelled  in  dx  houra.  For 
levelling  in  narrow,  crooked,  and  partially  fallen-in  workii^s, 
this  instrument  offers  great  advantages. 

In  mines  where  the  seams  are  thin  and  inclined,  the  use  of 
the  telescope-level  is  attended  with  great  inconvenieace.  For 
this  work,  Mr.  T.  L.  Galloway  and  Mr.  C.  Z.  Sunning*  have 
introduced  a  modification  of  Aita's  water-level.  The  apparatus 
consists  of  two  glass  tubes  connected  by  an  india-rubW  pipe, 
which  may  be  of  any  convenient  length  from  10  yards  upwards. 
Each  glass  tube  is  attached  to  a  scale  graduated  into  feet,  tenths 
and  hundredths  in  the  same  way  as  the  ordinary  levelling-stafE. 
The  tnbea  are  filled  up  to  the  centre  of  each  scale  with  coloured 
water.  The  scales  being  held  vertically  upon  any  sloping  surface 
and  at  any  distance  apart  that  the  length  of  pipe  will  admit, 
the  difference  of  level  between  the  stations  at  which  the  scales 
arc  held  will  be  represented  by  the  difference  of  the  readings 
denoting  the  position  of  the  coloured  liquid  in  each  tube. 

In  order  to  remove  the  source  of  error  arising  from  the  presence 
of  air-bubbles  in  the  liquid,  a  stopcock  is  fitted  at  each  end  of 
the  india-rubber  pipe.  These  stopcocks  being  closed  under 
water  prevent  all  oscillation  while  the  apparatus  is  being  carried 
from  station  to  station,  so  that  there  can  be  no  possibility  of  the 
intrusion  of  air-bubbles.  Falls  of  stone,  sudden  bends  in  the 
road,  or  timbering,  obstacles  so  frequently  interrupting  the  line 
of  sight  in  levelling  underground,  present  no  difficulty  with  this 
apparatus,  as  it  is  obvioudy  as  easy  to  proceed  over  or  around 
any  obstacle  as  to  advance  in  a  straight  line.  The  instrument 
baa  been  used  in  mines  under  the  most  difficult  circumstances^ 
Mid  has  been  found  to  answer  in  all  cases  exceedingly  well,  the 
saving  in  time  being  very  considerable. 

•  Ttom.  m,  Bng.  liuL  M.E,,  vol  sxTii.,  p.  3. 
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TrigoniHnetrieal  LeveUlng.— The  tiigonometrical  method  of 
levelling  is  based  od  the  solution  of  a  light-ai^led  triangle 
ABC  (Fig.  100),  of  vhich  the  base  B  C  and  the  angle  B  C  A  are 
known.  The  diSerenoe  of  level  B  A  of  the  pointa  A  and  0  will 
be  equal  to  the  base  B  C  multiplied  by  the  tangent  of  the  angle 
B  C  A.  This  method  is  less  exact  than  sjuritr-levelling,  because 
a  small  eiroi  in  the  angle  may  give  rise  to  a  considerable  error 
in  the  difference  of  level. 

Any  instrument  with  a  vertical  limb  may  be  employed  for 
levelling  tiigonometrically.  A  series  of  angles  of  depression  and 
elevation  are  taken  along  the  line  of  section,  the  instrument 
being  sighted  to  a  stafi  with  a  vane  or  a  cross-piece  fixed  to  it  at 
exactly  the  same  height  from  the  ground  as  the  centre  of  the 
axis  (a  the  telescope  is.  The  stafE  must  be  held  vertically  while 
the  observer  measures  the  vertical  angle  which  the  line  of  mght 
makes  with  the  horizon.  The  instrument  and  staff  are  then 
made  to  change  places,  and  the  vertical  angle  determined  The 
mean  of  the  two  readings  is  taken  as  the  correct  result.  The 
distance  must  then  be  measured.  Aa  the  distance  is  the  hypo- 
thenuse  of  a  right-angled  triangle  of  which  the  perpendiciUar 
is  the  difierence  of  level,  the  latter  is  obtained  by  multiplying 
the  measured  distance  by  the  sine  of  the  angle  observed.  The 
necessary  computations  can  be  very  readily  performed  by  the  use 
of  traverse  tables,  the  columns  for  departure  corresponding  to 
the  sines  of  the  vertical  angles. 

The  following  is  an  example  of  the  field  record :— 


1 

s 

St 

VaitiHl 
Aogi™. 

El». 

FmU. 

B«diiced 

HOTl- 

nmtal 
LetigthP. 

Tom 

K«urk>. 

471-0 
192-5 
313-e 
340-0 
368-0 

a-WR 

6"  15'  F 
2°18'F 

60-24 
10-68 

28-68 
10-67 
14-76 

110-24 

m-92 

92  24 
81-67 

66<a2 

467-00 
192-10 
312-18 
339-83 

367-60 

467-09 
660-28 
971-46 
131129 

1678-96 

Starting 

60<IOft. 
abOTO 
datam. 

70-B2 
54-00 

64-00 

66-92 
60-00 

16-02 

16  02 

nGoogle 


When  the  line  to  be  levelled  is  marked  out  on  the  ground  by 
fitakee  aet  at  a  horizontal  distance  apart  of  100  feet,  the  height 
vill  be  found  by  multiplying  the  horizontal  distance  by  the 
tangent  of  the  angle  of  inclination.  The  form  of  record  in  this 
case  will  be  seen  below. 

In  this  section,  in  dx  stations  a  height  of  li5  feet  has  been 
ascended  in  equal  distances  of  100  feet.  With  a  spirit  level  and 
a  12-foot  staff,  the  number  of  stations  would  hare  been  doubled. 
In  order  to  simplify  the  calculations  with  this  method  of 
levelling,  Mr.  A.  Faul,  of  Baltimore,  has  computed  a  table  of 
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heights*  for  all  angles  from  0°  to  221°,  in  minutes,  for  any 
distance  required.  His  object  is  to  bring  levelling  by  vertical 
angles  into  more  general  use,  and  save  the  many  stations  re- 
qmred  in  sprit-levelling.  The  latter  method  is  very  tedious  in 
silly  countries  where  eztieme  accuracy  is  inmuterial,  especially 
so  in  all  preliminary  surveys.  The  method  of  levelling  by  vertical 
angles  gives  approximate  results  in  the  shortest  possible  time. 
*A  SAort  TrattiM  M  UvtUing  by  Vtrtital  Anglta  viilh  TabUi  of  HeigUt. 
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Levelling  EWy  be  peiionued  by  the  bbeodoUte  by  setUng  np 

the  instrument  at  the  foot  of  a  steep  iodine,  with  the  line  of 

otrilimation  aet  at  a  known  angle  of  inclination.    Sights  are  then 

taken,  as  if  with  a  epirit  level.    Thus,  suppose  that  the  theodolite 

ia  placed  at  A,  Eig.  66,  and  that 

6  Ao  represents  the  inclined  tine 

of  sight.     Then  B  b,  C  c,  and  the 

other  vertical  lines  will  represent 

the    heights   read  oS  the  staS. 

The  requisite  data  for  drawing  the 

^  section  are  thus  obtained.    This 

gig^  114,  method  saves  time  in  taking  th« 

levels  of  steeply  inclined  ground. 

When  a  proper  teyelling-instmment  is  not  avulable,  the  tine 

of  coUimation  may  be  placed  horizontal,  and  the  theodolite  used 

in  the  same  way  as  the  spirit  level. 

Tlw  CUnometflf. — For  exploratory  work,  where  great  aconiat^ 
ia  not  required,  the  clinometer  is  of  great  value,  on  account 
of  its  portability.    There  are  numerous  forms  of  this  instrument ; 


the  oommoneat  resembles  a  jointed  foot-rale,  with  an  inlaid 
spirit  level  and  sights  on  one  arm,  and  a  divided  arc  at  the  hii^e 
to  indicate  the  angular  degree  of  opening.    It  is  set  level  on  a 
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stand,  and  tlie  hinge  ie  op«nod  until  the  object  fs  seen  through 
the  eights.    The  angle  of  inchnation  is  then  read. 

The  best  instruments  of  this  kind  arc  provided  with  a  2-inch 
compass  attached  on  pivots  to  the  lower  arm.  The  clinometer 
ehoiUd  have  a  spirit  level  attached  to  each  arm,  and  folding 
Bights,  and  should  screw  on  to  a  portable  tripod,  provided  with 
a  ball-and'Bocket  joint.  In  this  form,  the  instrument  is  practically 
a  miner's  dial,  on  account  of  its  portability  well  adapted  for 
pr(»pecting  purpoaes. 

In  the  clinometer,  manufactured  by  Messrs.  J.  Davis  &  Son, 
several  improvements  have  been  introduced  by  Prof.  H.  Louie. 
The  compass  ^vots  are  carried  on  a  brass  arc  capable  of  revolving 
in  the  lower  portion  of  the  clinometer  frame,  so  that  the  compass 
can   be    placed    horizontally   and   read 
without  regard  to   the  position  of   the 
lower  limb.     In  this  way,  the  dip  and 
strike    of    strata    may  be    read    simul- 
taneously.    The  compass,  too,  may  be 
reversed  so  that  the  same  end  of  the 
needle  may  be  used  for  all  dial  readings 
in  running  lines  up  and  down  hill.     A 
further  improvement  consists  in  mounting 
the  spirit  level  of  the  lower  limb  on  a 
swivel,  so  that  tlie  instrument  may  be 
levelled  both  ways  without  being  reversed. 
The  clinometer  (Fig.  115)  is  6{  inches  in 
length,  i  inch  in  width,  and  3  inches  in 
depth.    It  weighs  1  lb.  2  oza.,  and  is 
mounted  on  a  tripod  (Fig.  116),  which  is  Fig.  116. 

provided  with  a  ball-and-socket  joint,  and 
which  is  3  feet  10  inches  in  length  and  I  lb.  8  ozs.  in  weight. 

A  simple  and  efficient  instrument  for  exploratory  work  is  the 
pocket  altazimuth  made  by  Mr.  L.  Casella,  of  London.  In  this,  . 
the  olinometer  consists  of  a  graduated  weighted  disc.  There  is 
also  an  azimuth  compass  with  an  aluminium  disc.  Both  discs 
are  held  by  catches,  and,  when  released,  are  read  by  a  micro- 
scope. An  excellent  telescope  is  provided  for  sighting,  the 
instrument  being  held  vertically  tor  altitudes,  and  horizontally 
for  azimuths. 

Hiyslcal  LeveOfaig. — The  apfdication  of  the  barometer  to  the 
measurement  of  heights  ie  based  on  the  fact  that  for  a  constant 
temperature,  the  density  of  the  air  is  proportional  to  the  pressure 
which  it  sustains,     Since  the  atmospheric  pressure  decreases  as 
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we  ascend,  it  U  obviouB  that  tlie  barometer  will  keep  on  falling 
as  it  ia  taken  to  a  greater  and  greater  height. 

The  mountain  barometer  ia  an  ordinary  baron[ieter  tube,  made 
as  portable  as  possible,  and  protected  against  external  injury. 
When  in  use  it  is  mounted  on  a  portable  tripod,  and  when  not 
in  use  it  is  packed  in  a  leather  case.  The  mercuTj  is  contained 
ID  a  wooden  cistern  at  the  lower  part  of  the  instrument.  A 
screw  compresses  the  mercury  and  forces  it,  when  required,  up 
to  the  upper  portion  of  the  graduated  tube.  By  means  of  a 
vernier,  the  height  of  the  column  of  mercury  may  be  read  to 
the  one-thousandth  part  of  an  inch.  Attached  to  the  barometer 
is  a  thermometer,  enabling  a  correction  to  be  made  for  temper- 
ature. This  correction  is  necessary  because  the  air  and  the 
mercury  are  unequally  expanded  by  heat. 

The  simplest  barometric  rule  is  as  follows :— Observe  the 
height  of  the  barometer  in  inches  at  two  stations.  Then,  as  the 
sum  of  the  two  readings  is  to  their  difierence  so  is  55,000  to  the 
difierence  between  the  height  of  the  stations  stated  in  feet. 

For  exam/pU. — What  is  the  di£Eerence  in  level  between  two 
points  at  which  the  barometers  read  30-014  inches,  and  29-870 
inches  respectively !  The  thermometers  read  the  same  at  both 
stations. 

Difference  in  level  —  66,000  X  ^^  —  132-3  feet 

To  correct  for  tempeiature,  add  j^  of  the  result  for  each 
degree,  that  the  mean  temperature  of  the  air  at  the  two  stations 
exceeds  65°.  Subtract  the  same  amount  if  the  mean  temperature 
is  below  65°.  When  the  upper  thermometer  reads  higher  than 
the  lower,  ^J^  of  the  result  must  be  subtracted  when  the  mean 
temperature  of  the  air  exceeds  55°,  and  added  when  it  is  below  65°. 

On  the  United  States  Geological  Survey,  a  dmple  and  direct 
method  of  hypsometry  is  in  use.  In  this  method,  proposed  by 
Mr.  0.  K.  Gilbert,*  three  barometers  are  used  instead  of  two. 
Two  of  these  are  placed  at  points  whose  heights  are  known,  the 
third  being  read  at  the  point  to  be  determined.  Prom  the 
reading  of  the  two  barometers  at  the  points  of  known  height, 
the  weights  of  the  intervening  air  column  ia  deducted,  and,  both 
the  weight  and  height  of  the  column  being  known,  ita  density  is 
computable.    The  density  thus  derived  is  then  used  in  the  com- 

•SeoMd  Annual  Btport  of  tht  V^.  Gtol  Surv.,  1882,  p.  40fl.  In  this 
Talnable  monogTaph  all  the  principnl  methods  that  bbve  bitherlio  been 
(mplojed  are  tally  dewcibed. 
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putation  of  the  height  of  a  second  colnnm  of  air  between  one  of 
the  known  points  and  the  point  to  be  determined. 

Levelling  by  the  barometer  may  be  occasionally  naed  for 
taking  flying  levels  in  exploring  a  district.  An  approximation, 
however,  is  all  that  can  be  obtained,  even  if  the  most  elaborate 
formulm  are  employed.  The  moimtain  barttaieter  is  a  cumbraos 
instmment.  It  must  be  more  than  30  inches  long,  exclusve  of 
the  cistern,  and  the  mercury  is  always  troublesome  to  transport. 

On  account  of  these  disadvantages,  for  engineering  purposee 
the  mercurial  barometer  has  been  to  a  great  extent  replaced  by 
the  aneroid  barometer  invented  by  Yidi,  and  patented  in  Great 
Britain  in  1844.  It  consists  of  a  circular  box,  the  face  of  which 
ia  made  of  thin  metal,  rendered  more  elastic  by  being  stamped 
into  concentric  circular  wave-like  cormgationp.  The  box  is 
nearly  exhausted  of  air,  and  its  elastic  face  supports  the  pressure 
of  the  atmosphere,  yielding  to  it  with  elastic  resistance  in 
proportion  to  the  amount  oi  pressure.  The  movement  is  com- 
municated to  an  index,  and  registered  upon  the  dial.  Aneroid 
barometers  are  made  of  pocket-size,  carefully  compensated  so  as 
not  to  be  affected  by  clingea  of  temperature,  and  with  double 
scales,  one  a  barometrical  scale  of  inches,  the  other  a  scale  of 
altitudes — that  is  to  say,  a  scale  of  difEerences  of  altitudes  for 
one  given  pressure. 

When  specially  constructed  for  mining  use,  the  instrument  is 
graduated  to  lepresent  6  inches  of  the  mercurial  column,  from 
27  inches  to  33  inches.  This  scale  enables  observationB  to  be 
made  from  2,000  feet  below  sea-level  to  4,000  feet  above.  The 
finest  divisions  of  the  altitude  scale  represent  10  feet  measurement, 
which  can  be  divided  by  a  vernier,  moved  by  rackwork  adjust- 
ment, to  single  feet.  A  lens,  which  rotates  on  the  outer  circum- 
ference, enables  the  vernier  to  be  read  with  facility.  The 
instrument  is  4}  inches  in  diameter,  and  is  provided  with  a 
leather  sling  case.  In  order  to  retain  the  sensitiveness  of  action 
of  the  aneroid,  it  should  be  cleaned  and  t<ested  every  two  or 
three  years  by  an  instrument- maker. 

The  prinraple  that  the  boiling-point  of  water  varies  with  the 
atmospheric  pressure  is  sometimes  applied  for  the  measurement 
of  heights.  The  instroment  used  for  tHs  purpose,  the  hypsomeler, 
consists  of  a  thermometer,  surrounded  by  a  doable-telescopio 
chamber,  and  suspended  so  that  its  bulb  is  above  the  surface  of 
some  water  in  a  metal  boiler,  heated  by  a  spirit  lamp.  It  is  thus 
enveloped  in  steam  when  the  water  boils.  The  cheap  and  port- 
»Ue  instrument  for  measuring  heights  is  to  be  preferred,  iot  its 
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simplicit}'  and  certainty,  to  the  mountain  barometer.  Tables  are 
published  by  the  maker,  Mr.  L.  Casella,  of  London,  giving  in- 
etructiona  lor  using  the  hypsometer. 

Detennlnation  of  the  Depths  of  Shafto. — In  connection  with 
levelling  operations  undei^round,  it  is  frequently  neoessaiy  to 
measure  the  depths  of  shafts.     For  this  puipoae,  a  vire  with 
weights  at  the  end,  or  the  winding-iope  with  the  cage  oi  the' 
kibble,  is  let  down,  and  the  length  of  the  wire  or  rope  meaanied 
by  means  of  rods.    Or  the  depth  of  the  shaft  may  be  meaaored 
direct  by  applying  rods,  clwns,  or  steel  bands  to  the  timbering 
of  the  shaft.    Good  results  have  been  obtained  by  both  methods. 
It  is,  however,  evident  that  the  direct  measurement  is  more 
(metworthy,  though  more  difficult  and  tedious,  than  the  indirect 
method.     The   measurement  must  be  eo  contrived  that  the 
starting-  and  end-p«nts  can  be  easily 
connected  with  the  surface  and  under- 
ground levellings. 

The  meaaurementi  by  means  of  ft 
wire  is  usually  effected  by  changing 
the  vertical  into  horizontal  measure- 
ment in  the  following  manner : — From 
a  small  windlass  (Fig.  117)  erected  at 
»  suitable  distance  from  the  shaft,  the 
steel  wire  (piano  wire]  is  unwound,  and 
passed  over  a  pulley,  which  is  |daced 
over  the  mouth  of  the  shaft  in  such  a 
way  that  the  wire  weighted  with  10 
to  30  lbs.  can  without  hindianoe  sink 
Vig.  1  It.  to  the  bottom  of  the  shaft.    The  start- 

ing- and  end-points  are  distingnished 
by  threads  tied  on.  The  depth  is  measured  on  letting  down  and 
hauling  up  tlie  wire,  and  is  done  most  conveniently  with  the  hori- 
zontid  portion  between  the  pulley  and  the  windlass.  The  wire  is 
kept  in  suffident  tension  by  the  weight.  The  elongation  of  the 
wire,  caused  by  its  own  weight  and  the  attached  weight,  does  not 
interfere  with  the  accuracy  of  the  result,  as  the  wire  is  measured 
in  its  stretched  condition.  The  method  is  very  Tapid ;  atFirminy, 
near  St,  Etienne,  a  depth  of  280  yards  has  been  measured  in  half 
an  hour.  Experiments  made  at  Firminy  show  that  the  error  with 
this  method  does  not  exceed  J^  of  an  inch  per  100  yards  of  depth. 
Accurate  results  have  also  been  obtained  at  Scbemnitz,  in  Hun- 
gary, by  Professor  Chrismat,  who  measured  in  an  hour  a  depth 
of  210  yards  accurately  to  within  j^j  of  the  measured  length^ 
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Local  oonditions  may  render  it  necessaiy  to  apply  tlie  n 

to  the  veitical  part  of  the  wiie,  ia  which  case  the  operation  is 
somewhat  more  inconvenient,  but  in  other  leapecta  Binular  to  the 


Instead  of  the  wire,  the  winding-rope  may  be  used.  In  this 
case,  the  meaaure  is  applied  to  the  rope  direct  aljove  the  mouth  of 
the  shaft.  The  leBuitB  thus  obtained  are  very  similar  to  those 
obtained  with  the  wite.  Thus,  Borchets  meaauied  one  and  the 
same  shaft  once  with  the  wire  and  once  with  the  winding-rope; 
the  results  being  129  fathoms  3  feet  3^  inches  and  139  ^thorns 
3  feet  3-54  inches  lespectively. 

For  the  direct  meaBuiement  of  shafte,  iron  surreying-cbains, 
steel  bands,  or  specially  constructed  measuring-rods  are  employed. 

fhe  chain  employed  for  measuring  the  depths  of  shafts  most 
first  be  carefully  tested.  It  is  then  let  down  the  sh^  at  a  suitable 
point,  and  suspended  by  the  upper  handle  to  a  nail.  A  second 
nail  is  driven  within  tike  lower  handle,  and  touching  it.  The 
chain  is  then  removed,  the  lower  handle  being  hung  to  the  second 
nail,  and  the  process  repeated  as  before.  The  depth  thus  obtained 
must  be  diminished  by  the  thiokneBS  of  the  naib  included  in  the 
measurement.  It  is  therefore  desirable  to  employ  round  nails 
of  uniform  diameter.  The  chain,  of  course,  must  be  allowed  to 
hang  perpendicularly,  and  all  obstacles,  such  as  platforms,  in 
the  shaft  must  be  removed  or  bored  through.  Sometimes  it  is 
impossible  to  measure  the  shaft  in  one  straight  line  ;  a  suitable 
point  mnst  then  be  found  in  a  line  at  right  angles  to  the  chain, 
and  the  measurement  continued. 

With  the  steel  band,  shafts  are  measured  in  a  similar  manner. 
This  method  has  been  employed  with  success  by  Mr.  Giaefe  *  in 
the  Staasfmt  salt-mines  for  measuring  shafts  of  considerable 
depth.  For  this  purpose,  at  a  measured  distance  above  the  roof 
of  the  cage,  a  seat  is  fastened  to  the  winding-rope  in  such  a  way 
that  a  miner  can  sit  in  it  without  danger,  and  apply  the  upper 
end  of  the  steel  band  to  the  guides.  The  mine-surveyor  stands 
on  the  roof  of  the  cage,  and  carries  the  lower  end  of  the  band. 
Beside  him  stands  a  second  workman,  whose  duty  it  is  to  give 
the  signal  for  raising  or  lowering  the  cage.  In  this  way,  after  all 
the  preparations  had  been  made,  the  Leopoldshall  shaft  was 
measured  three  times  in  six  hours  with  the  following  results  ; — 


•  Btrg.  a.  Zlg.,  ToL  slii.,  1883,  p.  4. 
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Id  this  case,  the  heights  of  8  levels  entering  the  shaft  had  also 
to  be  determined. 

In  almost  as  short  a  time  the  Ton  dei  Heydt  shaft,  at  Stass- 
furt,  was  measured  fonr  times ;  the  heights  of  7  leyela  entering 
the  shaft  being  determined  at  the  same  time.    The  resiUta  wen — 


Fourth        „  ...     1,162  „    2-11      „ 

The  most  accurate  means  of  measuring  the  depths  of  shafts  are 
afforded  by  the  measuring-rod^  constructed  for  this  purpose  by 
Borchers,  which  are  frequently  employed  in  the  continental  mines. 
The  rods  consist  of  a  number  of  round  steel  bars  0'18  to  0-24  inch 
in  diameter,  and  1  to  i  yards  in  length.  The  ends  are  screwed, 
and  may  be  connected  by  brass  double  screws,  so  that  a  measuring- 
rod  of  any  required  length  may  be  constructed.  The  true  end 
surfaces  cd  the  separate  rods  must  be  exactly  at  right  angles  to 
the  longitudinal  axis,  and  the  brass  caps  are  provided  with  an 
opening  on  both  sides,  so  that  the  contact  of  the  end  planes  of 
two  rods  can  be  seen.  The  first  rod  is  provided  with  a  hook, 
from  the  inner  surface  of  which  the  counting  commences.  On 
using  these  rods,  the  influence  of  temperature  has  to  be  taken 
into  account. 

For  measuring  the  depth  of  vertical  shafts,  tapes  of  several 
hundred  yards  in  length  are  now  laigely  used.  As,  however, 
the  absolute-  length  of  such  tapes  cannot  easily  be  ascertained, 
the  results  obtained  are  not  faultless.  Nevertheless,  when  a 
number  of  vertical  shafts  are  all  measured  with  the  same  tape, 
their  relative  depths  can  be  determined  with  sufficient  accuracy 
for  practical  purposes.  In  mining  districts  where  there  are  both 
vertical  and  inclined  shafts,  which  are  measured  with  different 
appliances,  the  determination  of  the  absolute  depth  is  a  matter 
of  importance.  In  the  Upper  Harz,  inclined  shafts  are  always 
measured  by  means  of  Borchers'  iron  rods,  and  vertical  shafts  by 
means  of  a  suspended  wire.  Both  methods  have  given  satis- 
factory results.  Measuring  the  wire  being  a  tedious  operation, 
Mr.  0.  Brathnhn  has  employed  a  measuring  wheel  for  the 
purpose.  The  brass  wheel  used  had  a  diameter  of  35  inches  and 
a  thickneas  of  0-3  inch,  the  rim  being  provided  with  a  rounded 
groove  for  the  reception  of  the  wire.  The  periphery  of  the  wheel 
IB  divided  into  a  hundred  divisions,  and  vnth  the  aid  of  a  pointer 
and  scale  a  ten-thousandth  part  of  the  drcumference  can  be 
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deteimined.  A  counter  is  attached  to  the  axle  to  raster  the 
number  of  complete  levolutionB.  On  the  caet-iion  hed-plate  of 
the  wheel  there  is  a  small  spirit  level,  bo  that  the  plane  of  the 
wheel  may  be  placed  verticaliy.  In  the  plane  of  the  wheel  there 
ia  a  ratchet  winch  for  lowering  and  raieii^  the  wire  paaeing  over 
the  wheel.  Before  the  measurement  is  bc^un  the  wire,  weighted 
with  a  plumb-bob,  is  passed  over  the  wheel  into  the  shaft,  and 
allowed  to  hang  tor  several  hours  until  it  has  stretched  to  its 
full  extent.  For  the  measurement  two  levelling  instrumentt 
are  required,  one  at  the  surface  and  the  other  at  the  shaft 
bottom.  With  the  latter  the  height  of  a  fixed  point  on  the  wire 
is  ascertained,  and  this  ia  marked  by  tying  on  a  piece  of  thread. 
The  levelling  instrument  at  the  surface  is  adjusted  to  sight  the 
wire.  The  counter  is  set  at  zero,  and  when  the  thread  at  the 
bottom  of  the  shaft  has  been  tied  on,  the  position  of  the  pointer 


Fig.  lid.  Sig.  lift. 

is  read,  and  the  wire  carefully  hauled  up.  When  the  thread 
tied  on  to  the  wire  is  intersected  by  the  cross  hairs  of  the  level- 
ling instrument,  the  wheel  is  clamped,  and  the  number  of  revolu- 
tions noted.  The  diSerence  between  the  initial  and  final  reading 
multiplied  by  the  value  of  one  revolution  gives  the  required 
depth.  The  coefficient  of  revolution  was  determined  by  repeated 
measurements  of  a  shaft  of  known  depth.  Experiments  showed 
that  the  measuring  wheel  was  a  convenient  and  sufficiently 
accurate  appliance  for  measuring  shafts.  Its  cost,  however, 
is  considerable.  The  wheel,  with  winch  and  guide  rollers,  costs 
about  £16. 

The  measurement  of  the  depths  of  inclined  shafts  presents  the 
greatest  difficulties.  In  such  shafts.  Fig.  1  IS,  a  plumb-line  is  used, 
the  points  of  suspenBion  being  found  by  means  of  a  sjHtit  level. 
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Sucb  Bhafts  are  frdquentty  tortuous  in  incHnatibn  and  in 
direction,  in  which  case  they  must  be  surveyed  in  the  same  way 
as  levels,  the  vertical  arc  of  the  dial  being  employed  in  con- 
junction with  a  plumb-line.  It  is  an  operation  of  great  difficulty, 
and  one  which  in  former  times  has  given  rise  to  serious  errors  in 
the  surveys  of  the  mines  of  Cornwall,  Derbyshite,  and  the  Harz. 

In  suryeyii^  and  levelling  in  the  shafte  of  the  Lehigh  Valley 
Coal  Company,  in  the  United  States,  a  new  form  of  plummet 
has  recently  been  adopted.  It  consists  of  a  vertical  core 
12  inches  long,  with  eight  radiating  flanges  9  inches  high  by 
3  inches  wide  of  ^inch  metal.  At  the  bottom  there  ia  a  circular 
disc  acting  as  a  web.  This  plumb-bob  weighs  20  lbs.,  and  has  a 
surface  area  of  about  630  square  inches.  An  ordinary  bob  of 
equal  weight  would  have  a  surface  of  90  square  inches.  In  a 
dry  shaft,  300  feet  deep,  this  form  of  plumb-bob  will  settle,  under 
ordinary  conditions,  in  about  one  hour  instead  of  in  five  or  six 
hours,  as  ia  the  case  with  the  older  form. 

Contour  Lines  on  the  earth's  surface  are  lines  tiavermng  all 
the  points  on  the  ground  which  are  at  a  given  constant  height 
above  the  datum  level.  A  contour  line  may  also  be  described  as 
a  horizontal  section  of  the  earth's  surface,  or  as  the  line  wheie 
the  earth's  surface  ia  cut  by  a  given  horizontal  surface,  or  as 
the  outline  of  an  imaginary  sheet  of  water  covering  the  ground 
up  to  a  certfus  height.  Fig.  119  represents  the  contours  of  a 
hill. 

Tracing  contour  lines  consists  in  determining  equidistant  series 
of  points  satisfying  these  conditions.  The  vertical  distance 
between  sucQessive  contour  lines  on  a  plan  depends  on  the  figure 
of  the  ground,  and  on  the  scale  of  the  plan.  Two  methods  of 
tTacing  contour  lines  are  employed~(l)  The  regular  method, 
conmsting  in  tracing  the  lines  on  the  ground,  and  then  surveying 
them ;  (2)  the  irregular  method,  which  consists  in  collecting,  on 
the  ground,  data  to  enable  the  lines  to  be  constructed  on  the 
plan. 

In  carrying  out  the  former  method  the  simplest  proceduw  can 
be  followed  if  a  level  provided  with  a  compass  is  available.  It  is 
necessary  to  first  make  a  levelling  on  any  line  which  runs  from 
the  lowest  to  the  highest  point  in  the  area  to  be  contoured,  beach 
marks  being  put  in  at  frequent  intervals  on  the  line.  By  compu- 
tation points  on  this  line  can  be  determined  which  are  at  the 
exact  heighta  of  the  required  contour  linea.  Each  of  these  points 
is  made  the  starting  point  of  a  traverse,  the  points  of  which  are 
all  on  the  same  level,  their  positions  being  detenaiaed  successively 
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by  setting  the  levelling  inBtnuueot  up  at  the  starting  point  and 
finding  by  trial  a  point  some  distance  away  wbich  gives  a  etaft- 
reading  equal  to  the  height  ot  the  telescope  axis.  The  bearing 
and  distance  between  the  starting  point  and  the  point  bo  found 
are  then  determined,  and  the  levelUng  instrument  moved  forward 
on  to  the  point  and  the  operations  repeated  until  the  line  has 
been  traced  right  through  the  area.  If  the  telescope  of  the 
levelling  instrument  is  provided  with  subtense  wires  (see  Chap. 
XYIII.)  the  operations  can  be  carried  out  very  rapidly. 

On  the  Ordnance  maps  of  Qieat  Britain,  on  the  scale  of  6  inches 
to  the  mile,  contour  lines  are  drawn  at  each  26  feet  of  height, 
vrith  principal  contour  lines,  determined  with  greater  precimon, 
at  every  60  feet  in  the  flatter  parts  of  the  country,  and  at  every 
100  feet  in  the  hilly  parts. 

Mr.  W.  F.  Howud  advocates  that  colliery  plans  should  exhibit 
contour  lines  at  rcf^ular  and  frequent  intervals.  In  this  way 
the  vertical  throw  <h  each  fault,  excluding  the  mere  bending  up 
or  down  of  the  adjacent  strata,  which  has  often  a  tendency  to 
mislead,  would  be  continuously  shown  though  the  fault  should 
be  rarely  penetrated.  Contour  lines  are  generally  shown  on  the 
plans  of  the  anthracite  mines  of  Pennsylvania. 

^^UcatlOiiS  of  Levelling. — A  brancb  of  engineering,  in  wUch 
the  application  of  levelling  is  of  great  importance,  is  the  setting 
out  oi  aerial  wire  ropeways.  The  importance  of  this  mode  cS 
transport  in  the  development  of  mineral  resources  is  known  to 
every  mining  engineer.  As  a  oase  in  point,  the  rich  iron  ores 
of  the  Siena  de  Bedar,  in  southern  Spain,  would  probably  have 
remained  untouched  to  this  day  but  for  an  aerial  wire  ropeway, 
9{  miles  in  length,  which  connects  the  mines  with  the  shore  of 
the  Mediterranean,  near  the  town  of  Gamioha,  and  which  affords 
cheap  transport  to  the  point  of  shipment,  An  ordinary  nulway 
would  have  cost  £100,000,  whilst  an  aerial  ropeway  could  be 
built  for  about  one-quarter  of  that  sum,  an  outlay  which  left 
a  satisfactory  ma^n  for  profits  on  the  sale  of  the  ore. 

In  the  older  systems  of  ropeways,  one  endless  rope  is  employed, 
serving  both  as  carrying  rope  and  hauling  rope  for  the  buckets. 
Many  examples  of  lines  of  this  class  can  be  seen  in  the  Bilbao 
iron  ore  district.  The  characteristic  of  the  modem  or  Otto 
system  consists  in  the  employment  of  two  ropes — a  heavy  fixed 
carrying  rope  and  a  light  travelling  hauling  rope,  the  buckets - 
being  fitted  with  special  devices  for  gripping  the  latter.  With 
ropeways  of  this  class  loads  of  30  cwts.  can  be  carried,  so  that  as 
much  as  800  tons  may  be  transported  in  a  day  of  ten  hours. 
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The  inosfc  importitnt  Otto  lopewa;  yet  constructed  is  that  for 
the  traneport  oi  iron  ore  at  the  Aumetz  mines  in  Lorraine.  It 
is  6-67  miles  long,  with  a  fall  of  475  feet,  and  transports  500,000 
tons  of  ore  annually.  The  longest  wire  ropeway  in  America  ia 
that  at  the  Grand  Encampment,  Wyoming,  which  is  16  miles  long. 
The  highest  support  is  69  feet  high,  and  there  are  three  wide 
spans  ranging  from  1,600  to  2,300  feet.  At  Garrucha,  Spain, 
tiie  line  is  divided  into  four  independent  sections,  the  two  first 
being  driven  by  a  30  horse-power  engine,  and  the  two  last  by  a 
70  horse-power  engine.  The  greatest  span  of  the  line  is  918  feet, 
the  height  above  ^e  valley  being  164  to  196  feet.  The  steepest 
gradient  is  I  in  2J,  and  the  tallest  standard  is  118  feet. 

In  making  the  preliminary  survey  for  an  Otto  wire  ropeway, 
there  are  several  points  to  which  attention  should  be  pud.  The 
terminal  points  of  the  line  should,  whenever  possible,  be  so 
placed  that  the  ropeway  joining  them  shall  be  in  a  straight  line, 
as  each  turn  increases  not  only  the  amount  of  construction  neces- 
sary, but  ^80  the  cost  of  working,  as  it  necessitates  the  erection 
of  a  complete  station.  For  lines  of  more  than  3|  miles  in  length, 
one  or  more  intermediate  stations  must  be  erected,  as  greater 
lengths  than  this  cannot  be  worked  with  one  hauling  rope.  At 
the  stations  the  line  xan  form  any  desired  angle.  The  points 
selected  for  the  supports  for  the  hearing-rope  shonld  be  marked 
on  the  ground  by  wooden  pegs  distinctly  numbered,  and  should 
be  shown  in  the  section  drawn.  The  supports  should  be  60  yards 
apart,  when  60  to  100  tons  are  transported  in  lO  hours,  40  yards 
apart  for  100  to  600  tons,  and  36  yards  apart  lor  amounts  above 
600  tons  in  10  hours.  This  rule  may  he  neglected  in  crossing 
roads,  in  which  case  one  support  should  be  at  the  ade  of  tba 
road,  and  it  may  be  neglected  when  this  rule  would  necessitate 
the  support  being  placed  in  a  narrow  valley  m  hollow,  in  whioh 
case,  in  order  to  avoid  unnecessary  height,  the  post  may  be 
moved.  For  crossing  valleys  and  rivers,  spans  of  360  yards  may 
exceptionally  be  employed,  when  supports  are  impossible  or 
would  exceed  36  yards  in  height.  In  crossing  roads,  cross- 
Motions  must  be  made  in  order  to  give  the  required  data  for 
the  erection  of  a  protecting  bri^e,  and  cross-sectionB  must  be 
taken  at  every  point  selected  for  a  station. 

Marshy  sites  must  be  avoided  as  far  as  possible  ;  hut  in  cases 
where  this  is  out  of  the  question,  the  surveyor  must  determine 
the  depth  to  the  solid  ground. 

The  hydraulic  mining  ditches  of  California  afford  some  inter- 
esting examples  of  levelling  successfully  conducted  in  the  face 
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of  great  difficultiea.  Hydraulic  mining  coneiBts  in  the  difflS' 
tegration  of  auriferous  gravel  deposits  by  propelling  a  Keavy  jet 
of  water  under  pressure  upon  the  bank,  and  in  washing  oS  the 
{ravel  in  sluices  in  which  mercury  is  distributed.  The  gcAi 
forms  an  amalgam,  and  remains  caught.  This  method  of  mining 
was  introduced  in  California  in  1856,  although  Pliny  describes  » 
system  of  hydraulic  mining  in  Spain,  which  resembled  in  many 
respects  the  modem  method.  Hydraulic  mining  has  given  rise 
to  an  extensive  system  of  artificial  reservoirs  in  the  Sierra 
Nevada  for  the  storage  of  water,  and  to  the  construction  of 
artificial  water-courses  to  convey  the  water  thus  stored  to  the 
scene  of  mining  opeFations.  The  setting  out  of  these  canals  at 
a  grade  of  from  4  to  20  feet  per  mile,  over  deep  go^es  and  along 
precipitous  clifia,  presents  problems  of  great  difficultv  to  the 
mine  surveyor.  In  many  places  it  is  impossible  to  find  room 
along  the  sides  of  the  great  caiions  for  miles,  to  excavate  a  canal 
or  to  rest  a  conduit  or  "  flume,"  as  it  is  locally  termed.  The 
bracket  flume  of  the  Miocene  mine  is  a  marvellous  example  of 
engineering  skill.  Here,  in  order  to  obviate  the  erection  of  a 
trestle  180  feet  in  height,  the  water  is  conveyed  in  a  wooden 
flume — i  feet  wide  and  3  feet  deep— round  a  cliff  360  feet  in 
height.  The  flume  is  suspended  upon  brackets  made  of  T-rtuls, 
fixed  into  holes  previously  drilled  in  the  vertical  cliff.  In 
another  place,  in  the  Ime  of  this  ditch,  is  a  piece  of  breastwork 
1,088  feet  long  and  SO  feet  high.  Again,  the  Blue  Tent  Mine 
has  a  ditch  running  for  a  distance  of  6  miles  along  the  face  of 
a  cliff,  over  which  the  surveyors  had  to  be  suspended  by  ropes 
1,000  feet  above  the  bottom  of  the  goi^e,  in  order  to  establish 
the  line  of  the  flume. 

In  other  places  deep  gorges  are  crossed  by  means  of  inverted 
siphons.  The  Cherokee  ditch  crosses  a  deep  canon  in  this  way, 
the  pipe  sustaining  a  columnar  pressure  equal  to  800  feet  in 
perpendicular  height.  In  making  the  crossing,  12,000  feet  of 
38-inch  pipes,  f-inch  in  thickness,  were  used.  A  few  years  ago 
there  were  in  California  6,000  miles  of  mining  ditches,  their 
-estimated  total  cost  being  £3,000,000.  Some  of  them  have  been 
built  at  a  cost  of  £5,000  per  mile.  The  coat,  too,  of  keeping 
them  in  repair  is  very  considerable,  as  the  hydraulic  miner  has 
constantly  to  contend  with  the  elements — frost  and  flood,  ice 
and  snow,  wind  and  rain. 

In  the  preliminary  survey,  to  determine  the  best  situation  for 
a  long  ditch,  comparative  observations  should  be  made  with 
aneroid  barometers,  care  being  taken  to  determine  the  elevations. 
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not  only  of'  the'  end  points,  but  also  of  intermediate  points, 
from  wUch  diflerant  surveying  parties  can  Btart  on  the  aubee- 
quent  Mtting  out  of  the  line.  The  oeceeeary  points  being 
established,  the  line  is  staked  out,  all  stations  being  properly 
numbered  and  pegs  driven  in  to  indicate  the  gradient.  According 
to  Mi.  Bowie,  the  author  of  the  standard  work  on  this  subject, 
stations  may  be  from  60  to  100  feet  apart  on  ordinary  giotmd ; 
but  very  irregular  country  obviously  demands  shorter  intervals. 
Bench-marks  should  be  placed  every  1  oi  J  mile  for  convenient 
lefereaoe.  All  details  of  tunnels,  outtinge,  and  depressioDS, 
which  leqniie  pipes  or  flumes,  should  be  worked  out  in  full,  a 
work  in  which  the  hand-level  can  often  be  advantageously  em- 
ployed. Complete  notes  should  be  made  of  the  charaoter  of  the 
gionsd  along  the  whole  line. 

In  laying  out  mining  ditches  in  California  it  is  usual  to  employ 
a  light  fnune  shaped  like  the  letter  A,  made  of  ^  by  1^  intdi 
wood,  and  [owvi^d  with  a  heavy  plnmmet  hanging  on  a  fine 
wire  from  a  notch  at  the  apex.  The  height  of  the  frame  ii 
usually  5  feet,  and  the  base  10  feet.  To  commence,  one  end  is 
placed  on  a  level  piece  of  ground,  and  the  other  end  is  raised  or 
lowered  until  both  enda  are  level,  and  the  plumb-line  marks  the 
same  position  on  the  croea-bar,  if  turned  completely  round.  The 
grade  for  the  proposed  mining  ditch  being  decided  upon,  say, 
\  inch  in  10  feet,  a  i  inch  piece  of  wood  is  placed  under  the  rear 
end  of  the  frame,  and  the  point  indicated  by  the  plumb-line  is 
marked  on  the  oioes-piece.  One  man  then  holds  the  frame, 
while  another  lifts  the  front  end  untU  the  plummet  ccnncides 
with  the  mark,  he  then  drives  in  a  p^  in  front.  The  leai  end 
of  the  frame  is  then  placed  exactly  where  the  front  end  was,  and 
the  process  is  repeated.  In  this  way  the  ditch  can  be  set  out 
with  great  rapdity.  The  only  danger  lies  in  getting  the  wrong 
end  foremost. 

On  the  survey  of  the  Hanmad-Dhuha  Railway  in  India,  F.  B. 
Johnson  (Mm.  Proc.  Inst.  C.E.,  vol.  cxv.,  1894,  p.  343)  found 
that  theoddite  levelling  by  angles  of  inclination  proved  accurate 
nndei  very  unfavourable  conditions,  and  he  is  convinced  that 
the  theodolite  is  the  best  instrument  for  rapidly  exploring  rough 
ground,  and  for  taking  a  seotion  by  angles  of  inclination.  Tms 
method  gives  all  the  imormation  required  in  the  shortest  possible 
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CHAPTER  XVII. 

CoHNSonoN  or  thb  Undsboboitni>-  and  Sukfacb-subvets. 

Ibthodi  Kniricffod. — The  method  employed  for  connecting  the 
surface-  and  unde^iound-surreya  depends  mainly  on  the  way 
in  which  entrance  to  the  mine  from  the  surface  is  efiected  and 
on  the  nature  of  the  standard  line  of  reference  for  the  directions 
of  the  lines  in  the  surveys.  If  the  directions  of  the  lines  are 
referred  to  the  magnetic  meridian,  the  determination  of  the  poaition 
of  a  single  point  common  to  both  surveys  is  all  that  is  neceaaary 
in  order  to  establish  the  connection  between  them,  as  the  direction 
of  the  aii^;netic  meridian  of  a  place  ie  the  same  above  and  below 
groond.  The  point  of  entrance  to  the  mine  is  usually  regarded 
18  the  starting  point  of  the  nndeiground-Burveys,  and  the  position 
of  this  is  fixed  in  the  same  way  as  any  other  important  point  in 
the  4nifaco-snrTey.  The  direction  of  the  magnetic  meridian  i» 
fixed  on  the  plan  by  means  of  a  meridian  test-line  (see  p.  69), 
And  the  plotting  of  the  underground- survey  is  a  straightforward 
pperation. 

If  tbe  entotnce  to  the  mine  is  effected  by  a  vertical  shaft,  the 
starting  point  of  the  underground-survey  is  obtained  by  plumbing 

\  (he  shut  from  the  surface.    A  common  practice  is  to  accept  one 

of  the  winding  ropes  as  being  truly  vertical,  and  to  fix  the  position 

I  of  this  by  triangulation  in  the  surface-survey,  and  to  start  the 

nnde^ground-snivey  from  the  winding-rope  at  the  shaft-bottom. 
In  the  case  of  well-oonstmcted  shafts  this  method  is  well  within 
the  limits  of  accuracy  of  magnetic  traverses.  If  it  is  considered 
advisable  to  plumb  the  shaft  independently  of  the  winding-ropes, 
tta»  can  be  done  by  means  of  a  heavy  plumb-bob  suspended  by 
a  wire  as  described  later. 

Where  entrance  to  the  mine  is  effected  by  means  other  than 
•  vertical  shaft — e.g.,  by  an  adit-level,  day-drift,  or  inclined 
shaft — the  underground  traverse  can  be  started  from  a  -point' 
at  the  surface  and  carried  through  directly  into  the  wOrldngs. 
'  In  the  case  of  surveys  based  on  reference  lines  other' tlwa  tlw 
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magnetic  meridian,  it  is  necessary  that  a  line  and  not  merely  » 
single  point  be  established  and  incorporated  in  both  the  surface- 
and  imdergroimd'Burveye,  this  common  line  serving  to  corielate 
the  direciions  of  all  the  lines  of  the  surveys.  The  methods  em- 
ployed for  making  the  connection  in  such  a  case  again  depend 
on  the  manner  in  which  entrance  to  the  mine  is  effected.  If 
entrance  is  made  by  an  adit-level,  day-diift,  or  inclined  shaft, 
a  traverse  is  started  ofi  a  line  in  the  surface-survey,  the  direction 
of  which  establishes  the  directions  of  the  lines  in  the  underground- 
BUTvey.  Id  the  case  of  traversii^  through  steeply  inclined  shafts 
by  fixed-needle  methods,  which,  of  course,  must  be  employed 
when  the  magnetic  meridian  is  out  of  the  question,  special  pre- 
cantions  have  to  be  taken  to  ensure  accuracy,  owing  to  the  peculiar 
conditions  prevailing.  The  partdcolar  points  to  which  attention 
should  be  paid  are,  accuracy  in  the  centring  of  the  instrument 
at  stations  and  levelling  the  instrument.  In  the  case  of  theodolite- 
snzveys,  double  obsarvatlons  should  always  be  taken,  the  telescope 
being  transited  in  between  the  two  sets  of  readings,  so  that  the 
effects  of  the  enois  in  the  adjustments  aie  eliminated. 

Where  entrance  to  the  mine  is  effected  by  a  vertical  shaft  or 
shafte,  a  line  in  the  surface-survey  is  transferred  to  the  shaft 
either  by  double  plumbing  or  by  optical  methods.  In  the  case 
of  double  plumbing  the  two  plumbets  which  form  the  ends  of 
ihe  line  may  be  in  the  same  shaft,  or  if  there  are  two  shafts  acoesa* 
ibie,  then  a  plumb-bob  is  suspended  in  each,  and  a  line  of  con- 
sid^ble  length  can  thus  be  obtained  leading  to  accurate  results 
without  the  necessity  for  very  special  precautions  in  plumbing. 
Details  of  a  nnmber  of  possible  cases  are  given  in  the  following 
pages. 

~-— n  of  Two  Shafts.— If  both  the  shafts  are  vertical, 
the  connection  of  the  under- 
ground- and  surface-surveys 
is  made  by  means  of  two 
plumb-lines,  one  suspended 
in  each  shaft.  The  points  of 
suspension  are  joined  to  the 
surface-survey  by  means  of 
triangulatioD.  In  this  way 
fl-,  120,  the  length  and  bearing  of  tha 

line  joining  the  two  plumb- 
Hites  may  be  calculated  by  means  of  rectai^olar  co-ordinates. 
A  traverse  is  then  made  unde^ound  from  one  plumb-line  to  the 
other,  and  from  the  data  thus  obtuned  the  length  and  bearing 
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ol  the  line  joimng  the  two  plumb-lines  are  again  calculated  by 
meanB  of  co-ordinates. 

Example. — In  two  perpendicular  shafts,  plumb-lines  aie  hung 
at  the  points  A  and  B  (Fig.  120).  From  the  surface-triangu- 
lation  it  is  found  that  the  length  of  the  line  A  B  is  56-29  chains, 
and  its  bearing  118°  36'.  In  the  mine,  a  traverse  was  made 
with  the  following  results :— 


DIFARtDKI.     1 

From 

To 

\^^,- 
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0=00' 

0°00' 

1-76 
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III. 
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0-00 

S-31 

VIII. 

IX. 

6-12 

93°  53' 

3-03' 

B-11 

0-32 

IX. 

B. 

M8 

135= 11' 

318°  14' 

0-88 

0-78 

14-86 

766 

56-77 

O-BS 

7-66 

096 

7-20 

S5'81 

With  the  co-ordinates  7-20  chains  N.  and  55-81  chains  E.,  the 
length  and  direction  of  the  hypothenuse  may  be  calculated  from 
the  formula :  base*  +  perpendicular*  =  hypothenuse*  or  tangent 

of  angle  of  bearing  =  ■  ^'  - .    ,  and  the  distance  =  latitude  X 

eecant  of  angle  of  bearing.     The  hypothenuse  in  the  above 
traverse  will  be  found  as  follows : — 

log  H'Sl  -       1-7467120 

log   7-20  •-      0-8S73326 


10-889370S    BAO  ~  82>S9' 
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From  tliu  angle — that  Ib,  the  angle  fanned  by  the  hypbtheniue 
■A  B  and  the  first  line  of  the  uuderground-suivey  A  I,  and  from 
the  bearii^  of  the  line  AB  determined  at  the  surface  (118°  36'). 
the  bearing  of  the  first  station-line  underground  may  be  deter- 
mined. In  the  above  example,  this  is  done  by  subtraction, 
118"  36'  —  82"  38'  =  35°  68'.  From  .thU  may  be  deduced  the 
bearing  of  the  other  lines  of  the  traverse.  In  the  example,  this 
is  done  by  increasing  the  reduced  meridian  angles  by  35°  68'  in 
each  case.  With  the  aid  of  these  beaiingB,  the  co-ordinates  of 
the  nndergronnd-tiaveise  should  be  reoaloulated,  and  the  results 
balanced. 

For  suspending  the  plummet,  a  thin  annealed  wire  .of  iron, 
brass,  or  copper  is  used.  Hemp  cords  are  useless  for  the  purpose ; 
because  of  their  torsion  and  coutraotii^  when  wet.  They  present 
a  greater  surface  to  the  action  of  air-currents  and  water  than 
thin  wire,  and  do  not  admit  of  such  precise  sighting.  The  weight 
of  the  plummet  should  be  suffiiuent  to  make  the  suspending  wire 
perfectly  straight,  and  this  will  be  usually  found  to  be  not  far 
ofi  the  breaking  weight  of  the  wire.  The  wire  should  be  carefully 
'  wound  on  to  reels  mounted  on  suitable  frames,  so  that  they  can 
be  fixedin  position  at  the  top  of  the  shaft.  A  handle  and  clamping 
arrangement  should  be  provided  on  the  reels  to  facilitate  adjust- 
ment. By  this  means  kinks  in  the  wire  can  be  avoided  and  the 
poffltioa  of  the  plummets  reiKlily  adjusted.  The  plummet  should 
not  be  hung  on  when  the  wire  is  let  down  the  shaft  in  case  of 
accident  from  the  wire  breaking.  A  smaller  weight  may  be  used 
when  the  wire  is  being  let  down,  and  at  the  bottom  of  the  shaft 
it  can  easily  be  changed  for  the  required  weight.  The  plumb-line 
must,  of  course,  hang  perfectly  free,  without  coming  in  contact 
with  the  sides  of  the  shaft.  To  ensure  this  being  the  oaee,  a 
lamp  is  slowly  passed  round  the  wire  at  the  bottom  of  the  shaft. 
If,  in  whatever  position  it  is  placed,  the  light  can  be  seen  from 
the  top,  the  wire  is  clear. 

The  pliuub-Iines  may  be  mghted  without  any  difficulty  in  the 
BUif ace- survey,  as  the  upper  part  of  each  wire  does  not  move. 
In  the  mine,  however,  the  plumb-line  has  to  be  sighted  at  its 
lower  end,  which  continues  to  vibrate  like  a  pendulum.  The 
motion  may  be  reduced  by  allowing  the  plummet  to  dip  into  a 
bucket  <d  water,  and  by  shielding  the  wire  from  air-currenta  and 
falling  water  as  far  as  poamble.  The  attachment  of  wings  to  the 
plummet,  and  allowing  the  latter  to  hang  in  water,  is  the  most 
satisfactory  method  of  damping  oHcitlations.  The  wings  may 
be  made  of  thin  sheet  metal,  and  the  width  of  each  equal  to  the 
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diameter  of  the  plommet ;  the  length  of  the  wings  being  equal 
to  the  Btiaight  portion  of  the  plummet.  The  attaohment  of  the 
wingB  can  be  made  by  soldering  or  rivetting  them  to  rings  which 
can  be  slipped  over  the  plummet  and  kept  in  position  by  means 
of  two  set-sore^ra.  Either  four  or  ax  wings  may  be  used.  The 
bucketa  in  which  the  jJummets  are  suspended  should  be  shielded 
from  falling  water,  in  wet  shafts,  by  conical  hoods  provided  with 
a  hcA»  at  the  top  through  which  the  wire  can  be  passed  before 
abtaching  the  plummet  (see  also  p.  296). 

In  sighting  a  plumb-hoe  with  the  theodolite,  when  the  oscil- 
lation cannot  be  damped,  it  is  best  to  follow  it  by  means  of  the 
tangent-screw  to  the  end  of  its  vibration.  There  is  then  sufficient 
time  to  read  the  vernier  before  it  reaches  the  other  end  of  ita 
course,  as  well  as  to  intersect  it  in  that  position  with  the  crose- 
wirea.  This  operation  is  repeated  several  times,  and  the  mean 
taken  of  all  the  results.  When  the  arc  is  very  small,  the  mean 
may  be  estimated,  and  the  cross-wires  set  at  that  angle  direct. 
The  plumb-hnes  are  rendered  visible  by  holding  behind  them  a 
sheet  of  oiled  paper  illuminated  by  a  lamp  from  behind.  This 
method  of  s^hting  a  plumb-tine  is  very  fatiguing,  and  necessitates 
great  skill  to  read  the  vernier  and  direct  the  telescope  to  the  next 
extremity  of  the  course,  in  the  comparatively  short  time  in  which 
the  plummet  completes  its  swing. 

These  difficulties  have  been  overcome  by  Professor  Schmidt,* 
of  the  Freiberg  School  of  Mines.  The  plummets  he  uses  are 
bung  to  thick  wire  (0-Oi  inch  in  diameter),  and  their  weight  is 
considerable,  being  as  much  as  60  Ihs.  They  do  not  dip  into 
water,  but  are  allowed  to  swing  freely.  At  a  short  distance 
above  the  bottom  of  the  shaft,  a  horiaontal  finely-divided  scale  is 
placed  perpendicular  to  the  line  of  sight  of  the  telescope.  The 
swinging  plumb-line  is  then  observed  with  the  telescope,  and  the 
successive  extreme  poations  are  read  and  noted,  the  plumb-line 
being  purposely  made  to  awing  parallel  to  the  plane  of  the  scale. 
The  latter  is  illuminated  by  means  of  an  ordinary  miner's  lamp 
or  candle. 

From  one  ov  more  series  of  double  observations,  the  mean 
position  of  rest  of  the  plummet  on  the  scale  is  calculated,  and  for 
the  Bubaequent  survey  the  cross-wires  of  the  telescope  are  made 
to  coincide  with  that  calculated  point.  The  calculation  of  the 
position  of  lest  is  a  very  exact  one.  From  two  trials,  one  made 
at  a  depth  of  557  feet  under  favourable  conditions,  the  other  at 
a  depth  of  1,722  feet  under  unfavourable  conditions.  Professor 
•Batdu.  JoMmelt.,  1882,  p.  IM. 
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Schmidt  found  that  the  mean  erroi  of  one  eeries  of  obserratioiui 
waa  ±  0-12-  inch,  and  the  mean  error  of  the  result  of  a  double 
seriee  was  ±  0*08  inch.  Under  imtavouiable  conditions  the 
errors  were  0-17  inch  and  0-12  inch  respectiTely. 

In  caaes  wheie  it  is  required  to  connect  the  surfaoe-snrvey 
mth  the  nnderground-survey  at  several  levels  at  diSerent  heights 
in  the  shaft,  it  may  be  desirable  to  hz  the  plnmb-line.  For  this 
purpose,  Ptofecieor  Schmidt*  has  invent^  a  simple  centring 
apparatoB,  On  a  perforated  cast-iron  plate,  a  pnsmatio  centre- 
piece may  be  slid  in  two  directions  at  nght  angles  to  one  another 
by  means  of  four  centring  sorews.  Above  the  latter  are  two  scales 
at  right  angles.  The  iron  plate  is  placed  so  that  one  pair  of 
centring  screws  is  in  the  line  of  sight  of  the  theodolite-telescope, 
the  other  pair  being  in  the  line  of  sight  of  a  second  small  tele- 
scope of  low  power.  With  this  small  telescope  and  with  that  of 
the  theodolite,  the  swingings  of  the  plumb-tine  are  observed,  and 
the  position  of  rest  calculated.  The  weight  is  then  removed 
from  the  plumb-line,  and  a.  cap-screw  placed  on  the  wire.  The 
weight  is  then  replaced,  and  screwed  into  the  centre-piece  of  the 
apparatus,  With  the  aid  of  the  two  telescopes,  and  the  centring 
screws,  the  centre-piece  can  be  brought  into  such  a  position  that 
the  plumb-line  is  in  its  calculated  position  of  rest. 

If  either  of  the  shafts  used  for  connecting  the  onde^round- 
and  surface-surveys  is  inclined,  or  if  both  are,  the  method  is  the 
same,  except  that  the  shaft  is  surveyed  by  traversing  instead 
of  by  suspending  a  plumb-line. 

The  two  methods  of  connecting  underground-  and  sorlace- 
surveys  by  swinging  plumb-lines  and  by  plummets  provided 
with  wings  and  dipped  into  a  vessel  filled  with  water  or  oil, 
have  been  combined  by  Mr.  0.  Brathuhn,  who  etches  on  a  glass 
plate,  in  addition  to  the  ordinary  cross  lines,  a  scale  marked 
with  short  lines,  the  divisions  having  an  angular  value  of  104 
seconds.  For  lighting  the  plumb-line,  a  sheet  of  white  paper  is 
held  behind  it  and  illuminated  by  a  lamp.  Trials  of  t^  eye- 
piece scale  have  given  surprisingly  accurate  results. 

In  connecting  undei^^und-  and  surface-survew  with  the  aid 
of  plumb-lines,  iron  plumb-bobs  with  wings  of  sheet-iron  are 
largely  used.  Such  plumb-bobs  may,  however,  in  some  circum- 
stances, give  rise  to  erroneous  results.  In  plumbing  a  shaft 
130  yards  deep,  the  error  was  found  by  Mr.  0.  Brathuhn  to  be 
considerable.  In  a  south- westerly  direction  from  the  shaft  a 
cross-cut  had  been  driven,  in  which,  in  addition  to  the  ordinary 
*  Btrg.  B.  Ztf.,  vol.  xliiL,  1684,  p.  217. 
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rails  laid  down,  a  large  number  o(  spare  rails  were  stored  bo 
close  to  the  shaft  that  one  plumb-line  hung  in  close  proximity 
to  the  DOithern  end  of  the  rails.  By  the  induced  magnetism 
of  the  lails  the  plumb-line  was  drawn  from  its  perpendicular 
position  to  such  an  extent  that  the  distance  between  the  two 
plumb-lines  was  7-5  millimetres  greater  underground  than  at 
the  surface,  and  that  the  line  connecting  the  plumb-lines  at  the 
points  of  suspension  formed  an  angle  of  6  minutes  with  that  at 
the  bottom  of  the  shaft.  The  error  was  eliminated  by  the  em- 
ployment of  brass  plumb-bobs. 

.Where  two  shatte  are  available,  the  connection  should  always 
be  made  by  this  method,  even  at  the  expense  of  some  considerable 
trouble,  as  the  accuracy  attainable  is  greater 
than  is  possible  in  a  single  shaft,  owing  to 
the  limited  length  of  the  line  that  can  be 
transferred  in  the  latter  case. 

By  Means  of  One  Shaft — When  there  is 
only  one  perpendicular  shaft,  the  under- 
ground- and  flurface-surveys  may  be  con- 
nected by  transferring  a  short  line  from  the 
surface  to  the  mine  by  means  of  two  plumb- 
lines  suspended  in  the  shaft.  The  bearing 
and  length  of  this  short  line  may  be  deter- 
mined with  sufficient  accuracy  bj»  connecting 
it  with  the  surface-triangulation.  Then,  if  jfl 
the  unde^round- survey  also  includes  the  line  *'g\n 
formed  at  the  bottom  of  the  shaft  by  the 
two  plumb-lines  hanging  vertically,  the  con- 
nection can  be  made  from  the  known  bearing 
of  that  line.     Thus,  the  survey  is  made  at  Big.  121. 

the  surface  and  in  the  mine  in  the  same 
way,  by  constructing  &  triangle  of  which  the  line  joining  the 
plumb-line  is  a  side. 

The  foUowing  details  of  the  connection  of  the  undeiground- 
and  surface-surveys  eSected  in  this  way  may  serve  as  an  example : 
■ — Fig.  121  is  a  plan  of  a  portion  of  a  mine,  in  which  D  G  represents 
B  tine  at  the  surface,  connected  with  the  triangulation,  and  E  F 
a  line  of  the  traverse  of  the  136-fathom  level  of  the  mine.  In 
Older  to  connect  these  two  lines,  two  plumb-lines  A  and  B  were 
suspended  in  the  perpendicular  shaft,  as  far  apart  as  circumstances 
would  allow.  The  distance  in  this  ease  was  0'9315  fathom.  The 
two  wires  were  sighted  from  the  point  G  in  the  doorway  of  the 
mine-house,  and  the  angles  B  G  D  and  A  G  B  and  the  distances 
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G  B  and  G  A  accurately  measured.  The  triangle  GAB  was  in 
this  way  comidetely  solved,  and  the  position  of  the  line  AB 
formed  by  the  two  plumb-lines  was  determined  with  reference 
to  G  D.  The  theodolite  was  then  set  up  at  C  in  the  cross-cut  at 
the  136-tathom  level,  and  with  it  were  carefully  measured  the 
angles  B  C  A  =  32"*  08',  A  C  E  =  159"  21',  and  C  B  F  =  269° 
3r33",  andthehorizontaldistancesCB^:  1-6373,  CA=  1'7169, 
and  C  E  =  16-6563  fathoms.  Since  in  the  triangle  G  B  A  the 
three  sides  were  determined,  it  was  unnecessary  to  measure 
the  angle  B  C  A.  This  was,  however,  done  as  a  check.  On 
calculation,  the  angle  B  C  A  was  found  to  be  32°  8'  10",  C  A  B  = 
69°  13'  15",  and  C  B  A  =  18°  38'  37".  Of  the  measured  and 
calculated  values  of  the  angle  B  G  A,  the  mean  32°  8'  5"  was 
taken.  The  two  other  angles  of  the  triangle  GAB  were  balanced 
so  as  to  make  the  sum  of  the  three  angles  equal  to  180°.  In  this 
way  the  point  G  at  the  surface  and  the  point  E  in  the  mine  are 
connected  by  known  horizontal  distances.  The  angle  which  the 
line  D  G  at  the  surface  makes  with  the  line  E  F  in  the  mine  may 
then  be  easily  determined. 

The  line  D  G  being  taken  as  the  meridian,  the  line  A  B  was 
found  from  the  surface-survey  to  form  an  angle  of  23°  12'  10" 
with  that  meridian.  Underground  the  angles  formed  by  the 
meridian  and  the  various  lines  were — 

AC  69"  13' 15"  -  23°  12' 10"  =  4e"0l'(»" 
CB  169°21'00"-4fl°0l'06"  =  IIS-IB'SS" 
BF  US"  19' 65" -90° 28' 27"=    22''5r28" 

In  some  cases  the  theodolite  may  be  set  up  and  centred  at 
the  points  A  and  B  at  the  surface,  but  underground  this  cannot 
be  done  with  sufficient  accuracy. 

The  accuracy  of  the  connection  depentb  on  the  correct  deter- 
mination of  the  angles  A  and  B  in  the  triangle  ABC.  These 
angles  usually  have  to  be  calculated  from  the  known  length  A  B 
and  from  the  sides  A  C  and  0  B  measured  underground,  as  well 
as  from  the  angle  C.  This  may  be  done  by  the  ordinary  dne 
rule — 


In  this  formula,  nn  A  is  dependent  upon  the  three  magnitudes 
0,  e,  and  a.    The  length  c  and  the  angle  C  may  be  measured 
nndeigiound  with  great  accuracy. 
The  influence  of  an  error  in  the  length  a  oo  the  angle  A  varies 
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oonmderably  according  to  the  form  of  the  triangle.  It  is  great 
when  tlie  sidee  a  and  6  ale  of  equal  length — that  is,  when  the 
triangle  A  B  C  is  an  isosceleB  one.  It  is  least  when  the  triangle 
has  a  very  acute-angled  form.  The  sines  of  angles  near  0°  and 
180°  do  not  increase  of  decrease  in  proportion  to  a  slight  increase 
or  decieaBe  of  the  angle.  Conversely  a  small  change  in  the  sine 
baa  an  inappreciable  influence  on  the  corresponding  angle. 
Consequently  a  small  error  in  the  length  a  has  no  efiect  on  the 
determination  of  the  angle  A,  when  the  triangle  is  an  acute- 
angled  one.  If  possible,  then,  the  ordinary  well-conditioned 
triangle  must  in  this  case  be  avoided,  and  the  theodolite 
jdaced  as  nearly  as  possible  in  the  continuation  of  the 
base-line. 

Where  the  conditions  permit  it  is  advisable  to  arrange  matters 
BO  that  the  points  GABC  (Fig.  121)  are  in  one  straight  line. 
The  plummets  aie  fixed  first,  and  the  positions  of  the  points  A 
and  C  found  by  trial  with  the  theodolite.  With  an  instrument 
provided  with  a  fine-centring  attachment  the  operation  is  by 
no  means  difficult.  If  such  an  attachment  is  not  provided,  the 
points  should  be  made  as  nearly  in  a  straight  line  as  possible, 
a&d  the  angles  at  G  and  C  nxeaeured  by  repetition.  The  infiuence 
of  the  errors  in  measuring  the  distances  is  reduced  to  the  minimum, 
and,  moreover,  the  calculations  are  much  simplified,  as  in  the 
case  of  such  small  angles  as  will  then  be  obtained  the  lengths 
of  the  sides  are  proportional  to  the  angles  themselves. 

By  means  of  two  plumb-lines,  the  connection  between  the 
underground-  and  suiface-surve]^  has  been  efieoted  with  con- 
siderable success  by  Mr.  £.  Clark  *  in  the  brown  hffimatite  mines 
beloi^ng  to  the  Glendou  Iron  Co.  of  Pennsylvania.  The  shafts 
are  UBually  i  feet  square,  but,  where  an  extensve  plant  of 
pnmping  machinery  is  required,  the  size  is  increased  to  8  feet  by 
6  feet.  The  depth  of  the  shafts  varies  from  76  to  200  feet.  The 
principal  difficulty  in  the  survey  of  these  mines  has  always  been 
'  the  trouble  experienced  in  connecting  the  underground- survey 
with  the  surface-survey,  on  account  of  the  small  size  of  the 
shafts,  and  the  gradual  movement  of  the  ground  pushing  the 
shafts  out  of  the  perpendicular. 

The  method  adopted  by  Mr,  Clark  has  been  to  establish  a  lino 
at  the  surface,  and  by  means  of  a  straight-edge,  wire,  and  plumb- 
bob,  to  project  that  line  to  the  bottom  of  the  shaft,  and  there  use 
it  as  a  bnae-iine  for  the  undei^round-survey.  The  line  across  the 
shaft  is  marked  in  the  timbers  by  nails,  which  may  be  permanent 
•  Trm*.  Itul.  M.E.,  vol.  vii,  1870,  p.  ISa 
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and  used  in  luture  surveys,  if  the  earth  about  the  shaft  is  suffi- 
ciently firm.  A  straight-edge  is  placed  agwnst  the  nails,  and 
the  assistant  above  lowers  the  plumb-bob  by  means  of  a  reel  and 
annealed-iion  wire  of  sufficient  strength  to  hold  the  plumb-bob, 
which  is  of  caat-iron,  and  weighs  10  lbs.  The  two  plumb-bobs 
are  each  received  into  a  bucket  filled  with  water  at  the  bottom  of 
the  shaft.  Vibration  may  be  lessened  by  mud  thrown  into  the 
bucket.  When  the  plummets  have  become  nearty  stationary,  a 
theodolite  is  set  up  in  line  with  the  wires.  This  is  done  by 
moving  the  instrument  until  the  nearer  wire  coincudes  with  the 
vertical  hair,  and  the  second  wire  is  concealed  by  the  first ;  or  the 
transit  will  be  in  line  when  the  extent  of  the  vibration  of  the 
second  wile  to  one  side  of  the  first  is  equal  to  the  extent  of  the 
vibration  to  the  other  side.  The  );reatei  the  distance  between 
the  wires,  and  the  farther  the  theodolite  is  from  them,  the  more 
accurately  can  it  be  placed  in  line.  The  average  distance  in 
16  shafts  surveyed  in  this  way  was  18  to  6  inches,  this  distance 
being  the  base-line  upon  which  the  mine-survey  was  based.  In 
the  coal-mines  of  Fennaylvania  very  good  results  have  been 
obtained  by  this  method,  with  a  base-line  of  Q  feet  in  length. 

For  rapidly  connecting  surface-  and  underground-surveys  Hr. 
T.  H.  B.  Wayne  *  uses  a  collapsible  triangular  frame  fitted  with 
levels  and  legs  so  that  it  can  be  supported  horiEontally.  A 
telescope  and  vernier  are  placed  at  the  apex,  and  the  two  legs 
are  recessed  at  their  ends  to  fit  loosely  round  the  two  plumb- 
lines.  If  the  telescope  is  clamped  to  a  sight  at  one  level,  the 
frame  may  be  ttaosferred  to  another  level  where  the  telescope 
will  give  the  same  direction.  As  elaborate  mechanical  device, 
termed  an  underiay-tahle,  has  been  invented  by  Mr.  S.  J. 
Follit2er,f  and  osed  by  faim  with  considerable  success  in  sur- 
veying sig-zag  shafta  in  Kew  South  Wales,  the  principle  being 
to  carry  a  short  horizootal  base-line  from  the  surface  down  to 
the  bottom  of  the  shaft. 

The  necessity  for  measuring  the  relative  heights  of  the  various 
points  in  a  shaft,  with  a  view  to  preparing  vertical  sections, 
induced  Mr.  Follitzer  %  to  construct  a  measuring  wire  3,000  feet 
long.  The  steel  wire  used  weighed  about  2  ozs.  per  100  feet. 
To  one  end  is  attached  a  9-lb.  brass  detachable  plummet,  on 
which  additional  weights  may  be  placed  if  necessary.  The  wire 
is  marked  at  each  length  of  10  feet,  and  is  wound  upon  a  cedar 
wheel  18  inches  in  diameter  and  1|  inches  thick.    The  wheel 
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can  be  stopped  at  any  aiiigle  inch  tbxoughout  the  depth  of  the 
ehaft.  With  the  aid  of  this  measuring  wire  Mr.  Follitzer  made 
a  survey  at  a  gold  mine  in  New  South  Walea  with  a  view  to 
making  the  connection  at  the  800-foot  level  between  two  vertical 
shafts  about  1,000  feet  apart.  The  intervening  rock  was  hard 
.  diorite,  and  in  seven  months  the  connection  was  accurately 
completed. 

In  the  Missouri  lead  and  zinc  mines,  where  the  shafts  are 
frequently  out  of  repiur  or  bent  into  a  curved  form,  Mr.  W.  E. 
Gordon  efiects  the  connection  by  tying  the  plumb-lines  together 
so  as  to  hang  as  far  apart  as  possible  and  yet  be  clear  of  the 
shaft.  At  the  top  they  led  outwardly  to  posts  planted  in  firm 
ground,  and  at  the  bottom  they  are  tied  to  the  end  of  a  stretcher- 
bar.    This  bar  accordingly  swings  into  the  line  of  the  posts. 

In  plumbing  the  very  deep  shafts  at  the  Tamarack  mine. 
Lake  Superior,  cdnsiderable  difficulty  has  been  experienced. 
The  lines  were  of  No.  24:  piano-wiie,  and  were  lowered  carrjring 
a  doubly  conical  wooden  &ame  to  prevent  catching  on  obstruc- 
tions, and  50-lb.  plumb-bobs  were  substituted  at  the  bottom. 
In  one  shaft,  4,250  feet  in  depth,  the  wires  were  found  to  be  - 
17-58  feet  apart  at  the  surface,  and  17-65  feet  apart  at  the 
bottom,  a  difference  of  0-84  inch.  In  another  and  much 
shallower  shaft  the  difference  was  1-2  inches.  This  divei^ence 
was  ascribed  to  the  fact  that  there  is  an  unbalanced  sideways 
pull  on  the  wires  and  bobs  owing  to  the  missing  mass  of  rock 
in  the  shaft.  Oareful  ezperiments  have  shown,  however,  that 
the  phenomena  are  due  to  the  effect  of  air  currents. 

By  Heans  of  a  IVandt-Iastrunient— The  most  accurate  method 

of  effecting  the  connection  between  the  underground-  and  surface- 
surveys  is  by  means  of  the  transit-instrument. 

The  transit-instrument  is  the  standard  instrument  in  every 
astronomical  observatory.  It  consists  of  a  telescope  formed  of 
two  parts  connected  by  a  spherical  centre-piece,  into  which  are 
fitted  the  larger  ends  of  two  cones,  the  common  axis  of  which 
is  placed  at  right  angles  to  the  axis  of  the  telescope,  to  serve  as 
the  horizontal  axis  of  the  instrument.  The  two  small  ends  of 
the  cones  are  ground  into  two  equal  cylinders  or  pivots,  which 
lest  upon  angular  bearings  or  Y's,  supported  upon  standards. 
One  of  the  pivots  is  pierced,  and  allows  the  light  from  a  lamp  to 
fall  upon  a  plane  mirror,  fixed  in  the  spherical  centre-piece,  on 
the  axis  of  the  telescope,  and  inclined  to  that  axis  at  an  angle  of 
45°.  Ijght  is  thus  thrown  directly  down  the  telescope,  and 
illumiuateB  the  oross-wiieB 
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The  traasit-instTumeDt  was  first  used  to  obtain  the  conoectioa 
between  the  underground-  and  Burface-sorveya  by  Mr,  A.  Bean- 
lands,*  in  1856.  The  first  method  he  proposed  was  a  purely 
astronomical  one.  Having  set  up  the  transit-instroment  with 
its  plane  considerably  out  of  the  meridian  and  its  telescope 
pointed  upwards,  he  observed  the  paasage  of  Bevecal  known  stars 
across  the  wires  of  the  diaphragm  in  the  usual  manner  It  was 
found  that  at  the  surface  the  deviation  of  the  plane  of  the 
instmment  from  the  meridian  could  thus  be  approximately 
determined.  IJndergronnd,  however,  with  the  telescope  pointed 
up  a  vertical  shaft,  it  was  found  that  the  operation  was  attended 
with  such  difficulty  that  it  had  to  be  abandoned.  Instead  of 
observing  stars,  recourse  was  had  to  lights  fixed  at  the  top  of 
the  shaft.  The  experiments  were  perfectly  successful,  and  led  to 
tbe  method  identified  with  Mr.  Beanlands'  name. 

As  a  matter  of  convenience  it  has  been  found  advisable  to  fix 
the  transit-instrument  at  the  top  of  the  shaft,  and  to  place 
.  illuminated  marks  at  the  bottom  as  nearly  as  possible  in  the 
same  vertical  plane  as  the  instrument.  The  marks  are  illumin- 
ated by  the  light  of  a  lamp  reflected  upwards.  They  are  placed 
in  such  a  position  that  they  can  also  be  sighted  by  a  theodolite 
[^ac^d  in  a  line  with  them  at  the  bottom  of  the  shaft.  If  now 
the  cross-wires  of  the  transit-telescope  coincide  with  each  of 
these  two  points,  it  is  evident  that  the  horizontal  line  represented 
by  the  marks  coincides  with  the  vertical  plane  of  the  instrument, 
and  is  therefore  parallel  to  the  position  of  the  telescope  when 
directed  horizontally.  In  this  way  two  lines  are  obtained,  one 
at  the  top  of  the  shaft  represented  by  the  optical  axis  of  the 
telescope  pointed  horizontaUy,  the  other  at  the  bottom  of  the 
shaft  represented  by  the  line  joining  the  centres  of  the  marks. 

If  the  two  marks  cannot  be  brought  exactly  to  the  centre  of 
the  telescope,  the  apparent  distance  of  each  mark  from  the 
cross-wires  is  measured  by  a  micrometer,  and  the  angular  devi- 
ation of  the  base-line  from  the  plane  of  the  transit  calculated. 
The  bearing  of  the  base-line  is  then  deduced  from  that  of  the 
instrument,  and  the  connection  between  the  underground-  and 
Buifaco-eurveys  effected  as  in  the  previous  case.  By  this  method 
the  bearing  of  a  line  undei^round  may  be  determined  with  a 
great  degree  of  accuracy. 

As  illustrations  of  the  severe  practical  tests  to  which  this 

•  Tratu.  N.  Eng.  Inst.  M.S.,  voL  iv.,  p.  207  ;  vol.  ii.,  p.  86.  See  aba 
papen  by  E.  H.  Uveing,  Trmit.  In»t.  M.E.,  vol.  kviii,  1899,  p.  S6,  and  by 
Q.  B.  Thompwm,  aid.,  T<d.  sxii.,  1902,  p.  B19, 
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method  has  been  subjected,  tte  followiDg  examples  may  be 
given: — 

In  1857,  Mr.  Beanlanda  made  a  survey  at  Btheriey  ColKery 
for  the  piirpose  of  settai^  out  a  drift  between  the  workings  <n 
(he  Oeoige  Fit,  and  a  new  sinking,  tlie  Dean  Fit,  half  a  mile  to 
the  east  There  -was  no  connection  underground  betweea  the 
ebafts,  and  it  was  therefore  neoesaary  to  mi^  a  surface-survey, 
and  to  connect  it  with  the  workings  at  both  shafts.  At  the 
Getage  Fit,  the  connection  was  made  by  means  of  a  very  steep 
and  narrow  day-drift,  whilst  at  the  Dean-  Kt,  the  transit- 
instrument  was  employed,  marks  being  left  in  each  case  for  the 
purpose  of  setting  out  the  drift.  The  laiter  was  worked  from 
both  ends :  the  length  being  700  yaols.  At  the  end  of  ux  months 
A  very  Mcurate  holing  was  effected,  the  deviation  between  tte 
two  ends  being  6  inches.  A  more  oonvinoing  J)ioof  of  the  accuracy 
(^  (his  metl^  of  connecting  the  und«^round-  and  suzEace- 
surveys  could  hardly  be  given. 

The  Pelton  Colliery,  near  Chester-le-Street  was  woi&ed,  in 
1864,  by  two  adjacent  shafts,  60  fathoms  in  depth,  hi  a.  distance 
of  SO  yards  fn»ii  the  bottom  of  these  shafts,  an  undei^iound 
sinking  had  been  made  to  explore  a  lower  coal-seam.  It  was 
aftenntrds  thought  desirable  titat  a  shaft  should  be  sunk  frmn 
the  surface  immediately  above  that  Steady  existing  underground. 
Mr.  Beanlands  made  a  survey  for  setting  out  the  centre  of  this 
sha^.  The  meaeurementB  were  made  with  great  care  with  a 
levelling-stafi,  and  the  connection  between  the  underground-  and 
Burface-«urveys  was  effected  with  the  tTansit-instniment.  The 
shaft  was  eet  out  from  Beanlands'  plan,  and  was  found  to  con»- 
spond  with  the  lower  shaft  within  2  inches. 

In  shafts  of  very  great  depth  the  method  has  been  employe! 
with  most  successful  results.  For  example,  in  the  Byhope  Oolliery, 
where  the  shaft  is  253  fathoms  deep,  the  bearing  wae  determined 
twice  in  difierent  months,  the  difference  between  the  two  results 
being  only  1'  10" 

As  the  method  requires  only  one  shaft  frith  a  dear  view  from 
top  to  bottom,  it  can  obviously  be  adopted  in  neariy  every 
colliery.  Though  a  considerable  time  is  necessarily  spent  in 
eiectii^  a  platform  for  the  transit,  a  bearing  sufEdenUy  accurate 
for  practical  purposes  may  be  obtained  in  a  few  hours. 

lite  Sewn  Tiuinel  HeQiod. — On  account  of  the  length  of  the 
heading,  the  incessant  jar  of  the  pumping  engines  and  the  extreme 
wetness  of  the  shaft,  a  plumb-line  method  was  not  a^^cable 
in  driving  the  Severn  Tunnel.   The  length  of  the  proposed  heading 
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was  2  mil^,  and  that  of  the  available  baseline  12  feet.  Oonae- 
quentjy  an  error  of  ^  of  an  inch  would  become  45  inchea  at  the 
end  of  the  two  miteB.  To  overcome  the  difficulty,  Mr.  Richard- 
son *  the  engineer,  devised  the  following  method  :^A  la^ 
transit- instrument  was  finnly  set  up  over  the  shaft,  and  accurately 
in  the  vertical  line  passing  through  tJie  centie  of  the  tunnel. 
This  line  was  determined  by  two  staves,  one  on  each  aide  of  the 
river.  The  heading  having  been  driven  a  short  distance,  a  hori- 
zontal wire,  100  yards  long,  was  stretched  at  the  bottom  of  the 
shaft.  One  end.  A,  was  attached  to  the  side  of  the  shaft  furthest 
from  the  heading,  the  other,  B,  at  a  point  100  yards  along  the 
heading.  A  length  at  14  feet  of  wire  was  visible  from  the  top 
of  the  shaft  when  illuminated  by  an  electric  light.  The  ends 
of  the  wire  were  passed  over  the  V-thieads  of  horizontal  screws, 
and  stretched  by  means  of  weights  suspended  from  the  ends. 
Thus,  by  turoing  either  screw,  a  very  fine  lateral  motion  could 
be  impu'ted  to  the  corresponding  end.  The  transit  having  been 
carefully  levelled,  the  end  A  was  first  sighted,  and  the  corre- 
sponding screw  turned  until  this  end  was  brought  truly  into  the 
centre  line.  The  telescope  was  then  directed  towards  the  farthest 
point  of  the  wire  visible  on  the  other  side  of  the  shaft,  and  this 
point  also  brought  into  the  centre  line  by  turning  the  screw  at 
the  eud  B,  100  yards  distant.  The  whole  length  of  the  wire 
thus  was  accurately  directed  into  the  line  of  the  tunnel.  A  base- 
line 100  yards  in  length,  and  practically  free  from  error,  was 
thus  obtained.  Proof  of  the  accuracy  of  the  method  was  afiorded 
by  the  results  obtained  in  driving  the  tunnel.  The  headings 
were  found  to  meet  exactly. 

By  Means  of  tbe  Translt-^ieodolifs.— -In  cases  where  the  shaft 
IB  of  linuted  depth,  and  where  a  la^e  and  powerful  transit- 
instmment  is  not  available,  the  connection  between  the  under- 
ground- and  surface-surveys  may  conveniently  be  effected  by 
means  of  the  transit-theodolite. 

The  instrument  is  set  up  at  the  bottom  of  the  shaft.  To  enable 
its  telescope  to  be  ptHOted  vertically  upwards,  a  dii^onal  eye- 
piece must  be  employed.  This  consists  of  a  small  right-angled 
^glasa  prism  (Fig.  122),  placed  at  the  eye-end  of  the  telescope^ 
in  which  the  line  of  sight  is  reflected  from  the  plane  of  the  hypo- 
thenuse  vertically  upwards. 

The  mode  of  procedure  ia  as  tdlows : — Having  set  up  the 

transit-theodolite  at  the  centre  of  the  shaft  A  (f^.  123),  it  is 

levelled,  and  the  telescope  directed  to  a  small  bright  light  placed 

«  EnginMHiif,  vol.  xxzUi.,  1883,  p.  48 
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on  the  peg  at  B.  Great  care  muflt  be  taken  to  ensnre  the  instru- 
ment being  in  perfect  adjustment  bo  that  the  telescope  shall 
revolve  in  a  vertical  plane.  The  vertical  circle  ie  then  unclamped, 
and  the  teleecope  pointed  up  the  shaft  in  the  same  vertical  plane 
in  the  direction  of  the  point  a',  where  a  lamp-fiame  or  a  white 
peg  is  brought  exactly  into  the  line  ol  sight.  A  permanent  mark 
is  placed  at  a'.  The  telescope  is  then  directed  towards  the  other 
side  of  the  shaft,  and  a  maik  placed  at  b'-  In  this  way  two  points 
are  obtained  at  the  surface  in  the  same,  vertical  plane  as  the 
line  AB  underground.  The  latter  is  carefully  measured,  and 
the  distance  thus  found  is  measured  off  from  A'  to  C  by  stretching 
a  cord  through  the  centre  of  the  marks  a  and  6.  An  iron  peg 
ehonld  be  driven  into  the  ground  at  C,  with  a  hole  made  in  its 
centre  for  future  reference.  ,  ., 

This  hole  is  directly  over 
the  centre  of  the  peg  pre- 
viously driven  into  the 
floor  of  the  level  at  B. 

With  this  method,  Mr. 
H.   D    Hoskold    has    ob- 


•mw/^- 


Fig.  122. 


Fig.  123. 


tained,  with  his  minei's  transit-theodolite,  very  satisfactory 
results  in  the  Dean  Forest  mines.  The  method  is  well  adapted 
for  use  in  mines  where  the  shaft  is  of  limited  depth,  and  the 
workings  not  very  extensivei  The  shaft  must  obviously  be  of 
average  width,  and  not  snbject  to  any  considerable  dropping  of 
water. 

For  connecting  the  undeiground-  and  surface-surveys,  milling 
tranat- theodolites  with  eccentric  telescopes  are  frequently  em- 
ployed. In  these  instruments  an  auxihary  telescope  is  attached 
outeide  the  standards  to  the  prolongation  of  the  horizontal  axis 
ol  the  principal  telescope,  or  that  telescope  itself  is  permanently 
mounted  in  a  similar  position.  Sometimes  the  theodolite  is 
made  with  an  extra  telescope  attached  to  the  top  of  the  central 
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teleaoope,  by  means  of  coupling  nuts,  vhicli  fasten  it  <Uieotl^  ovat 
the  centze  of  Ae  instrument,  f^  allow  its  eaady  lemoval  without 
duhsbiag  the  adjastinentG. 


Tkis  method  of  arranging  the  supplementary  telescope  is 
litowii  in  Kg.  124.    This  form  is  tliat  generally  used  in  oon- 


jundaon  with  the  American  theodolite,  shown  in  Elg.  121.    The 
auxiliary  triescope  is  attached  to  the  main  tdesoope  by  two 
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pillftFB,  which  project  beyond  the  edge  of  the  horizontal  [date 
irheD  the  telescope  is  placed  vertically.  The  method  of  placing 
the  auxiliary  telescope  eccentrically  is  shown  in  Fig.  126.  In 
this  caae,  a  counterpoise  is  fastened  to  the  prolongation  of  the 
axis.  In  both  these  attachments,  the  extra  telescope  is  parallel 
to  the  principal  telescope. 

The  objection  to  the  side  telescope  is  that  a  correction  must  be 
applied  to  each  reading  of  a  horizontal  angle  equal  to  the  tangent 
of  the  angle,  which  is  formed  by  the  distance  from  the  side 
telescope  to  the  centre  of  the  instrument,  and  the  boiinsntal 
distance  between  the  stations.  This  difficulty  can  also  be  met 
by  takii^  two  sets  of  readings  transiting  the  telescope  in  between. 
The  mean  gives  the  angle  from  the  centre  of  the  instrument. 

In  a  new  form  of  auxiliary  telescope  designed  by  Mr.  D.  D, 
Scott,  the  telescope  is  interchangeable,  and  may  be  used  either 
as  a  side  or  top  telescope ;  the  eccentricity  being  the  same  in 
both  positions,  and  only  one  counterweight 
being  neceaeary.  The  attachment  of  the 
auxiliary  to  the  main  telescope  is  effected  by 
means  of  a  fdngle  central  pillar,  which  is  per- 
manently fastened  to  the  main  telescope.  '  If 
used  at  the  sde,  the  auxiliary  telescope  is 
BGiewed  to  the  end  of  the  horizontal  axis. 

In  fdace  of  the  dia^on^  eye-piece  for  sight- 
ii^  vertieally  upwards,  an  artificial  horizon 
may  be  used.  No  special  construction  of  the 
telescope  is  then   required,  aa  it  is  merely  Vig.  12s. 

necessary  to  sight   the  image  of  the  flame 
(Elg.  126).     The  image  and  the  flame  itself  ale  in  the  same 
vertical  plane,  and  the  image  is  seen  at  an  angle  of  depression  a 
equal  to  the  ai^le  of  elevation  P  that  would  have  been  observed 
had  the  diagonal  eye-piece  been  employed. 

The  artificial  horizon  may  be  made  of  mercury  or  of  oil  mixed 
with  lamp-black.  The  fluid  is  filtered  through  hnen,  and  carried 
into  the  mine  in  a  small  bottle.  When  required  for  use,  it  is 
poured  into  a  cylindrical  brass  vessel,  care  being  taken  to  protect 
the  surface  of  the  liquid  from  air-currents. 

The  artificial  horizon  will  be  found  more  convenient  than  the 
diagonal  eye-piece  for  surveying  in  highly-inclined  shafts. 

By  Means  of  the  Magnetlc-Needle.~When  the  mine  has  only 
one  shaft,  the  underground-  and  surface-surveys  may  be  con- 
nected by  means  of  the  magnetic- needle,  provided  that  the 
■haft  is  not  luok  in  magnetic  strata.    If  the  shaft  is  veiticat,  a 
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plumb-line  is  suspended  in  the  shaft,  and  from  this  the  undei- 
giound-surroy  starts.  If  the  shaft  is  inclined,  a  traverse  is  made 
dpwQ  the  shaft. 

The  method  of  employing  the  magnetic- nee  die  consists  in 
determining  the  angle  made  by  one  of  the  sides  of  a  triangle  of 
the  surface- survey,  as  well  as  that  made  by  one  of  the  lines  of 
the  underground  traverse,  with  the  magnetic  meridian.  The 
lines  are  then  connected  by  a  survey  made  with  the  theodolite. 
The  accuracy  of  the  method  is  increased  hy  observing  the  mag- 
netic bearings  of  two  or  more  lines  at  the  surface  and  under 
ground. 

As  the  whole  of  the  underground-survey  depends  on  the 
accuracy  of  the  determination  of  the  magnetic  bearing  of  two 
lines,  it  is  advisable  to  use  the  theodolite  for  that  operation. 
The  theodolite  is  provided  with  a  magnetic- needle,  which  serves 
to  bring  the  telescope  into  the  direction  of  the  magnetic  meridian. 
As  a  ruJe,  in  theodolites,  the  diameter  0°  to  180°  is  in  the  direction 
of  the  telescope.  It  ia,  however,  not  absolutely  necessary  that 
the  optical  axis  of  the  tele- 
scope should  accurately  co- 
incide with  that  diameter, 
provided  that  all  the  mag- 
netic measnrementa  in  the 
Fig.  IST.  survey  are   made  with  the 

same  instrument.  If  two 
instruments,  say  a  dial  and  a  theodolite,  are  used  in  the  same 
survey,  magnetic  measurements  can  be  correlated  by  taking  careful 
observations  of  a  line  with  both  instruments  and  applying  any 
observed  diSerence  in  the  readings  as  a  correction.  Modem 
mining  theodolites  are  usually  provided  with  a  form  of  compass 
known  as  a  trough  compass.  This  consists  of  a  long  narrow  box, 
provided  with  an  index-line,  Fig.  127,  and  has  the  advantage 
of  not  being  in  the  way-     The  needle  should  be  as  light  as 

ruble  with  thin  points,  and  its  centre  of  gravity  must  not 
too  low  down  below  the  point  on  which  it  rests.  A  magni- 
f^ng-glosa  is  used  to  see  when  the  needle  exactly  coincides  with 
the  index-line. 

The  tvindar  compass  is  very  convenient  for  mine-surveying 
purposes.  It  consists  of  a  tubular  case,  the  north  end  of  which 
IS  closed  ^th  ground  glass,  on  which  a  fine  scale  is  marked.  By 
means  of  a  lena  at  the  south  end  of  the  tube,  this  scale  appears 
slightly  minified.  In  front  of  the  scale,  swings  the  north- 
seddng  point  of  the  needle,  which  is  bent  upwards,  so  that  it  can 
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ea«ly  be  lead  with  precision  in  the  nune.  This  compasB  can 
easily  be  adapted  to  asy  form  of  theodolite,  as  it  is  not  necessary 
to  read  it  from  above,  but  by  looking  through  it  in  the  same  way 


With  this  compass,  only  one  end  of  the  needle  ia  seen.  To 
obviate  this  disadvant^e,  Mr.  Hildebiand  *  has  devised  a  new 
form  of  tubular  compass  (Fig.  128).  In  this,  both  ends  of  the 
needle  are  seen  at  once,  magnified  ten  times,  the  graduation  also 
appearing  magnified  to  the  same  degree.  The  compass  can  easily 
be  read  to  a  single  minut«  in  the  mine,  the  light  of  a  candle  at  a 
distance  of  a  yard  being  sufficient  to  illiiminate  the  scale.  The 
tube  is  rectangnlar,  and  in  it  a  magnetic- needle,  4-32  inches  long, 
swings  on  a  steel  point.  Close  by  the  south  end  of  the  needle 
is  a  glass  micrometer,  and  in  front  of  that  is  a  miciometer  eye^ 
piece  magnifying  ten  times.  Between  the  south  end  and  the  centra 
of  the  needle  is  a  small  telescope  object-glass.  By  means  of  the 
eye-piece,  the  glass  micrometer  and  the  south  end  of  the  needle 
are  seen  minified  ten  times,  the  magnified  inverted  opticid 
image  of  the  north  end,  formed  by  the  object-glass,  being  also 


Kg.  128. 

visible.  In  otlter  words,  by  means  of  the  eye-piece  both  the  north 
and  south  ends  of  the  needle  aie  seen  passing  before  the  glass 
micrometer.  The  latter  is  divided  into  tenths  of  a  millimetre,  one 
diviuon  as  seen  through  the  eye-piece  consequently  appearing 
equal  to  one  millimetre.  The  middle  line  of  the  scale,  the  zero 
line,  is  lengthened  in  both  directions.  When  the  needle  is  properly 
adjusted,  the  images  of  the  south  end  and  of  the  inverted  north 
end  will  appear  on  that  line.  But  if  the  needle  gets  out  of  adjust- 
ment, its  cMitre  and  its  north  and  south  points  are  no  longer  in 
the  same  plane,  and  the  two  ends  will  not  coincide  with  the  zero 
line.  The  compass  must  then  be  so  placed  that  the  two  ends  of 
the  needle  appear  at  the  same  distance  from  the  aero  line.  The 
north  end  of^the  oompass  case  is  protected  from  dust  by  a  glass- 
plate,  in  front  of  wluoh  is  hinged  a  plate  of  ground  glass,  by 
means  of  which  the  artificial  illumination  is  assisted. 

As  the  magnetic  meridian  is  continually  changing,  it  is  advis- 
able that  the  observations  at  the  surface  and  undei^round  should 
•  iftm.  Ptoc  InaU  C.E.,  vol.  uxri.,  18S6,  p.  4fi9. 
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bt  made  as  neatly  as  practicable  at  the  same  time  of  day  or  night, 
and  as  short  a  period  of  time  aa  possible  should  be  allowed  to 
elapse  between  the  observations. 

If  a  considerable  interval  elapeea  between  the  observations, 
the  magnitude  of  the  changes  in  the  magnetic  meridian  must  be 
observed,  and  the  error  thus  arising  eliminated  by  oalonlation. 
A  knowledge  of  the  absolute  declination  of  the  needle  is  not 
indispensable.  If  the  surface  and  underground  observations  are 
taken  at  different  times  of  the  day  it  is  important  to  determine 
the  diurnal  variation.  This  oan  only  be  done  with  sufficient 
accuracy  by  means  of  a  magnet  suspended  by  a  long  thin  silk 
fibre,  provided  with  a  contrivance  for  observing  the  vibrations 
by  means  of  a  telescope.  Ki^;netic-needles  supported  on  pivota, 
as  in  the  miner's  dial,  do  not  admit  of  sufficient  aoountcy. 

Two  contnvaoces  are  used  for  observing  the  vibrations  of  the 
magnetic-needle — (1)  Attached  to  a  cylindrical  magnet,  sus- 
pended by  a  silk  fibre,  at  the  north  end  is  a  glass  plate  with  a 
small  photographic  scale,  and  at  the  south  end  is  a  small  achro- 
matic lens.  The  centre  of  the  glass-plate  is  in  the  principal  focus 
of  the  lens,  so  that  the  line  jdning  the  middle  division  of  the  scale 
is  nearly  parallel  to  the  axis  of  the  magnet.  The  scale  is  viewed 
through  the  lens  by  means  of  a  fixed  telescope.  The  motion  of 
the  magnet  can  thus  be  followed  by  observing  the  apparent 
motion  of  the  scale  across  the  cross-wires  of  the  telescope. 

(2)  Another  arrangement  is  to  attach  rigidly  a  mirror  to 
the  magnet,  so  that  the  perpendicular  to  its  surface  is  nearly 
parallel  to  the  magnetic  axis.  In  this  mirror,  the  image  of  a 
fixed  horizontal  scale  is  observed  by  means  of  a  fixed  telescope, 
and  the  angular  motion  of  the  magnet  deduced  from  the  motion 
of  the  scale  divisions  over  the  cross-wires  of  the  telescope'.  This 
is  called  the  mirror-method,  and  was  first  employed  by  G.  F. 
Gauss  in  the  magnetometer  constructed  by  him  in  1830.  The 
magnetic  observatory  belonging  to  the  Ol&usthal  mines  in  the 
Harz  is  arranged  in  accordance  with  this  method.  A  Gauss 
magnetometer  is  undoubtedly  the  best  means  of  observing  the 
variation  of  the  declination.  The  cost,  however,  puts  it  out  of 
the  reach  of  most  mine-surveyors. 

A  small  magnetometer  may  be  constructed  of  ordinary  sur- 
veying instruments.  With  a  second  theodolite  or  a  levelling 
instrument,  the  readings  can  be  effected,  and  a  scale  can  be 
prepared.  There  is  then  only  necessary  a  magnet  with  a  mirror. 
It  is  not  absol  utely  neoessary  that  the  mirror  shall  be  perpendicular 
to  the  axis  of  the  magnet.    It  may  be  attached  at  any  point  of 


,.  Google 


PNDEEOROUND-   AND  SCBFACE-StJRVEYS.  321 

the  mBgnet,  suited  to  the  station  at  which  the  telescope  is 
placed.  _ 

A  portable  magnetometer,  on  the  collimation  principle,  in- 
vented by  Professor  Borchera,  has  been  used  with  great,  success 
in  the  German  mines.  It  consists  of  a  magnet  suspended  by  a- 
silk  fibre,  pTovided  with  a  lens  and  scale,  and  enclosed  in  a  glass 
case.  It  is  attached  by  a  brass  arm  to  the  tripod  head  of  the 
theodolite.  ' 

The  use  of  a  somewhat  similar  instrument  has  been  advocated 
by  Mr.  B.  8.  Newall.*  In  this,  however,  the  needle  is  mounted 
on  a  pivot  instead  of  being  suspended  by  a  silk  fibre.  Attached 
to  the  centre  of  the  needle  at  right  angles  to  its  axis  is  a  small 
mirror,  whilst  a  minutely  graduated  scale,  consisting  of  a  short 
length,  about  4  inches,  of  a  circle  3  feet  in  diameter,  is  fized 
at  the  eye-end  of  a  theodolite  telescope,  and  so  adjusted  that 
the  degrees  are  reflected  back  to  the  eye  by  the  mirror  fixed 
on  tbfe  needle.  In  this  way,  the  scale  is  magnified  twice,  and 
may  be  easily  read  to  a  small  fraction  of  a  degree.  The  arm 
carrying  the  telescope  is  attached  to  a  circle  graduated  into 
360°,  and  provided  with  sights,  so  that  bearings  may  be  taken 
in  the  same  way  as  with  the  ordinary  miner's  dial. 

In  the  declinometei  invented  by  Mr.  A.  Fennel  a  long  quarts 
fibre  is  suspended  in  a  vertical  tube,  at  the  lower  end  of  which  a 
horisontal  magnet,  consisting  of  a  hollow  steel  cylinder,  is  hung. 
In  this  tube,  which  acts  as  the  compass-needle,  a  small  mirror  is 
placed  transversely.  The  instrument  is  attached 'to  the  theodo- 
lite BO  as  to  stand  directly  before  the  object  end  of  the  telescope 
To  the  Utter  a  short  tube  is  attached,  containing  a  half-lens,  an 
inclined  mirror,  and  a  glass  scale.  Through  an  opening  in  the 
upper  part  of  the  tube  a  ray  of  light  impinges  upon  the  mirror, 
and  is  lefiected  forward  tlmiugh  the  scale  into  the  body  of  the 
declinometer,  where  it  is  further  reflected  by  the  mirror  in  the 
ma^et.  It  then  passes  back  through  the  half-lens  and  through 
the  object  glass. 

In  order  to  lessen  the  influence  of  toiuon  of  the  quartz  fibn 
on  the  pomtion  of  tjie  na^net,  it  is  necessary  to  make  the  magnet 
light,  to  magnetise  it  to  saturation,  and  to  hang  it  by  as  thin  a 
fibre  as  possible.  As  it  is  found  that  mirrors  of  4  milUmetrea 
diameter  give  good  images  of  the  objective  scale,  it  is  posuble  to 
give  the  tubular  magnets  an  internal  diameter  of  only  5  milli- 
metres, BO  that  with  a  length  of  36  millimetres  the  total  weight 
of  the  magnet,  incluBive  of  the  tubular  hdder  with  hook  and 
*  Tmt*.  N.  Etigl.  Iml.  M.E.,  voL  xx.,  1871,  p.  108 
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mirror,  does  not  exceed  46  grains.  The  mi^netB  an  made  of 
tungsten  steel,  and  are  magnetised  by  a  high-tenaion  current. 
The  diameter  of  the  ciuartz  fibre  capable  orsafely  supportit^  a 
magnet  of  this  kind  is  less  than  0-0004  inch,  and  a  turning  of 
the  fibre  through  1°  causes  a  deviation  of  the  magnet  of  less 
than  1  second. 

Surveying  Deep  Shafts. — In  the  deep  mines  of  the  Transvaal 
the  method  adopted  in  the  past  of  transferring  the  meridian 
imdeiground  has  been  by  plumbing.  Mr.  A.  E.  Payne  has  shown, 
however,  that  for  a  deep  vertical  shaft  a  more  accurate  method 
ia  required,  owii^  to  errors  caused  by  air-currents.  Experi- 
ments with  a  nadir  instrument  have  not  met  with  complete 
success  owing  to  the  difficulties  of  distinct  vision  at  great  depths. 
The  large  objective  of  long  focal  length  required  does  not  come 
within  the  scope  of  the  mining  theodolite ;  and  it  remains  to 
be  seen  whether  experience  will  demand  the  construction  of  a 
special  instrument  for  the  purpose.  An  instrument  of  thff  Mnd 
was  foreshadowed  by  Professor  Nagel,  of  Dresden,  who  constructed 
a  nadir  instrument  without  vertical  axis,  which  could  be  centred 
over  a  shaft  by  means  of  a  centre  plug  In  the  base,  which  was 
afterwards  removed  to  leav*  the  opening  free  for  the  purpose 
dsdied. 
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Mbasubinq  Distances  by  Telescofe. 

Ilieory  ot  Telescopie  Heasurementa. — The  indiieot  measurement 
of  distances  by  means  of  the  telescope  is  based  oq  the  solution 
of  a  triangle  (Fig.  129),  Suppose  the  instrument  to  be  at  A  &iid 
a  graduated  stafi  at  B  C ;  then  the  length  A  D  will  be  known, 
if  the  angle  DAG  and  tiie  height  D  C  are  known.  Two  classes 
of  instruments  aie  employed.  In  one,  the  angle  BAC,  which 
is  called  the  suUense  angle,  is  constant,  and  the  height  of  the  staff 
DC  varies  with  the  distance.  In  the  other,  the  height  of  the 
staff  is  constant,  and  the  angle  BAC  variable. 

The  typical  instrument  of  the  latter  class  is  that  of  Stampfer. 
This  consists  of  s  telescope  that  may  be  moved  8°  in  a  vertical 
ditection.  Two  divisions  on  a  staff, 
held  at  a  distance,  aie  sighted 
successively.  These  embrace  a 
constant  height  s.  By  means  of 
a   micrometer   screw    it    is   easy  Kg- 129. 

to  determine  the  angle,  through 

which  the  telescope  has  moved  in  pasdng  fiom  one  divison 
to  the  other.  Xiet  a  represent  this  angle,  which  is  equal  to  the 
number  of  turns  n  of  the  screw  multiplied  by  a  constant  c.  The 
angle  being  small,  it  may  be  assumed  that  tan  a  =  en.    The 

distance  required  will  then  be  equal  to  r or  — .      The 

^  ^  tana        en 

constant  o  is  determined  by  observations  along  a  known  distance, 
and  tables  are  constructed  giving  the  distance  for  any  number  of 
turns  given  to  the  screw. 

The  same  principle  is  applied  in  £ckhold's  omnimeter,*  an 
instrument  used  in  revenue  surveys  in  India  and  in  railway 
surveys  in  America.  In  this  instrument  the  measurement  of  the 
subtense  angle  is  effected  by  means  of  a  microBcope  attached 

>  gireo  b; 
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to  the  axis  of  the  telescope.  The  reading  is  taken  on  a  scale  of 
tangentfi  fixed  to  the  horizontal  plate  of  the  theodolite. 

In  American  tranait-theodoUtes,  a  so-called  gradiaUer  screw  is 
frequently  attached  to  the  horizontal  axis  of  the  telescope.  It 
oonsiBte  of  a  tangent  screw  with  a  micrometer  head,  graduated 
into  60  equal  parts.  As  the  screw  is  turned,  the  head  passes 
over  a  small  silTered  scale,  so  graduated  that  one  revolution  of 
the  screw  corresponds  to  one  space  on  the  scale.  Thus,  the 
number  of  whole  revolutions  made  by  the  screw  in  turning  the 
telescope  through  a  vertdcal  arc  can  be  ascertained  from  the 
scale.  When  undamped,  the  telescope  may  be  revolved;  but 
when  clamped,  it  can  only  be  moved  by  the  gradienter  screw, 
which  thus  takes  the  place  of  the  ordinary  vertical  tangent 
screw.  The  micrometer  head  ia  so  graduated  that  one  revolutdon 
causes  the  horizontal  cross-line  of  the  telescope  to  move  over  a 
space  of  half  a  foot  at  a  distance  of  100  feet.  The  micrometer 
head  being  divided  into  60  parts,  each  division  is  equivalent 
to  onc-hondredth  of  a  foot  in  100  feet.  It  ia  evident  that,  with 
this  screw,  slopes  can  be  established  with  great  rapidity. 

It  is  also  useful  for  obtaining  approximate  distances,  since  for 
any  Jiorizontal  distance,  the  space  on  an  ordinary  levellii^-Htafi 
expressed  in  hundredths  of  a  foot,  included  in  two  revolutions  of 
the  screw,  will  be  the  number  of  feet  the  staff  ia  distant  from 
the  instniment.  Thus,  if  the  difference  between  two  readings 
of  the  staff  is  2-854  feet  when  the  telescope  is  moved  vertically 
through  two  revolutions  of  the  screw,  the  Btaffis  distant  285-4  feet. 

On  sloping  ground,  the  staff  is  still  held  vertical,  and  the 
distance  read  is  too  great.  If  a  is  the  angle  of  elevation,  the 
true  horizontal  distance  may  be  found  by  multiplying  the  space 
on  the  vertical  staff  included  in  two  revolutions  of  the  gradienter 

screw  by  — ^  cob"  a  —  i  sin  2  o,  in  which  *  is  the  height  above 

a  horizontal  line  subtended  by  one  revolution  of  the  gradienter 
screw  at  a  distance  d,  and  n  is  the  number  of  revolutions  mode 
in  any  given  case.  The  gradienter  screw  is  usually  so  cut  and 
placed  that  when  i  =  100,  n  =  2,  and  A  =  },  the  factor  then 
becomes 

100  cos*  a  —  ^  sin  2  a. 

With  the  object  of  reducing  the  computation  to  a  simple  multi- 
pUcataot^  Hessra.  C.  L.  Beiger  &  Sons,  of  Boston,  U.S.,  snp^y 
with  theit  trannts  a  table  of  factors  calculated  for  vettioal  ao^es 
of  0°  to  16°. 
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Instruments  in  which  the  angle  is  constant,  and  the  height 
of  the  staff  variable,  are  more  important  and  more  numerous. 
The  original  instrument  of  this  class  is  the  stadia,  invented  by 
James  Watt  in  1771,  and  independently  by  William  Green  in 
1778.  An  early  form  of  the  instroment  used  in  oonjonction 
with  the  stadia  oi  staS  consisted  of  a  tube  provided  vith  throe 
parallel  wires.  In  Fig.  129,  let  6,  E,  and  F  represent  these  wires ; 
G  being  the  axial  wire,  and  £  and  F  the  end  wires ;  then  the 
constant  angle  a  will  be  determined  by  the  height  G  F,  or  i,  and 
the  distance  A  G,  or  r,  from  the  eye-piece  to  the  wires.  If  A  D, 
the  distance  to  be  measuied,  is  represented  by  i,  and  if  s  repre- 
sents the  height  <^  the  staff  B  C,  intercepted  by  the  wires  E  and 

F,  the  equation  obtained  \ad  =  -.a. 

The  stadia  is  no  longer  employed  in  this  primitive  form.  In 
Austria,  however,  a  similar  instrument  is  occasionally  used  in 
levelling  for  railway  sections.  In  this  the  tube  is  replaced  by  a 
pair  of  sight-vanes,  one  of  which  has  two  parallel  wires  0-03  metro 
apart,  stretched  acroea  the  aperturo.     The  distance  from  ooe 

sight  to  the  other  being  0-3  metie,  the  ratio  -.  is  equal  to  10,  so 

that,  in  order  to  measure  distances  in  metros  with  this  instru- 
ment, it  is  merely  necessary  to  use  a  staff  divided  into  decimetros. 
As  a  rule,  the  distances  to  be  measurod  aro  so  groat  that  a 
telescope  has  to  be  em^oyed ;    in  which  case  the  formula  is 

i  =  -.s,aA  with  the  stadia  tube ;  r,  however,  is  not  constant,  but 

varies  according  to  the  proportion  "  +  -1  =  71/  being  the  f oc^ 
length  of  the  objective  lens.  ^  ■> 

In  the  telescopes  used  in  surveying, /is  equal  to  12  to  15  inches, 
and  r  varies  as  much  as  0-24  inch  for  distances  of  20  to  700  yards. 
Thus,  for  distances  of  100  yards,  the  variation  of  t  in  proportion 
to  the  focal  length  is  very  slight.  It  must,  however,  be  taken 
into  account,  because  r  is  used  as  a  multiplier. 

Various  methods  are  employed  for  remedying  the  variability  of 
r.  The  telescope  may  be  employed  like  the  old  stadia  tube ;  the 
staff  being  graduated  for  a  single  distance,  and  no  corrections 
applied  when  the  distance  is  greater  or  less  than  this.  This 
method  can  be  used  only  when  great  accuracy  is  not 
required. 

Early  in  this  century,  Reichenbach,  a  Bavarian  engineer,  pro- 
posed a  method  that  is  still  in  frequent  use.    Be  eliminated  r  '\\ 
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the  eqoataoDS  ~  "H  ^  ™  7  ^ 
value  d,  it  is  seen,  is  composed  of  two  teims,  one  being  propor- 
tional to  s  and  the  other  beinj^  the  focal  length  /.  The  tCstaace 
measured  from  a  point  as  far  in  front  of  the  object^laas  as  the 
focal  length  of  that  lens,  la  thus  proportional  to  ».  Then,  if  the 
distance  is  to  be  reckoned  from  the  centre  of  the  instrument,  a 
constant,  c,  the  distance  from  the  centre  of  the  instrument  to  the 
object-glass,  must  be  added.  This  may  be  made  by  the  instrument- 
maker  equal  to  0-S/.    The  formula  is  then 


=4. 


+/+«• 


All  distances  will  thus  be  reckoned  from  the  ceatr«  ot  the  instru- 
ment,  if  the  sum  of  the  focal  length  and  the  distance  from  the 
object-glass  to  the  centre  of  the  axis  of  the  telescope  is  added  to 
the  reading  at  every  sight.  For  example,  if  the  object-glass  has  a 
focal  leng^  of  12  inches,  and  the  centxe  of  the  instrument  is 
6  inches  from  the  object-glass,  1|  feet  is  the  constant  to  be  added 
to  each  reading. 

A  staff  may  be  graduated  to  read  the  distance  direct.  It  is, 
however,  useful  only  for  measuring  distances,  and  not  for  levelling 
at  the  same  time.  It  is  preferable  to  use  an  ordinary  levelling- 
Htafi  and  a  telescope,  in  which  the  instrument-maker  has  selected 

for  4  some  multiple  of  100.    Suppose,  for  example,  that  4=  100. 

The  distance  from  the  centre  of  the  instrument  would  then  be 
100  B  +  the  constant.  The  osculation  of  distances  is  thus  greatly 
facilitated. 

When  the  line  of  Mght  is  inclined  towards  the  stafi,  the  space 
intercepted  is  increased  in  the  ratio  of  1  to  the  cosine  of  the  angle 
with  the  hoiiion.  Thus,  the  space  s'  for  the  staff  perpentUcular  to 
the  horison  becomes  s  for  the  staff  when  vertical,  and,  by  approxi- 
mation, s'  =  8  cos  O.  The  inclined  distance  is  then  equal  to 
100  s  cos  a-\-{f+  c),  and  the  horizontal  distance  is  equal  to 
100  »  cos'  a  +  (/  +  c)  cos  a.  But  since  (/  +  c)  is,  at  most,  equal 
to  2  feet,  when  the  angle  a  is  Bmall,  say  up  to  B",  (/+  c)  may 
be  taken  as  equal  to  its  horizontal  projection.  The  horizontal 
distance  will  then  be  equal  to  100  s  cos'  O  +  (/+  c). 

In  Germany  it  is  usual  to  hold  the  staff  perpendicular  to  the  line 
of  sight.  The  inclined  distance  is  then  equal  to  100  s  +  (/+  c), 
and  Its  horizontal  projection  is  equal  to  {100  a  -^  (/-]-  c)}  cos  a, 
or,  approximately,  100  «  cos  a  -i-  (/  +  c). 
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TiM  TBcheometer. — Tlie  most  effectual  method  of  lemedyisg 
the  vaiiabilit}'  of  r  is  that  proposed  bj  Forro,  a  Fiedmoiiteae 
officer,  aftenrords  professor  at  Milan,  who  in  1823  modified  ths 
conetruction  of  the  telescope  in  such  a  way  as  to  remove  all 
neoesaity  for  adding  constants.  Ke  introduced  between  the 
object-glass  and  eye-piece  a  third  lens.  The  function  of  this 
"  anallatic  "  or  unchangeable  lens  is  to  make  the  size  of  an  object, 
that  forms  an  image  of  fixed  dimensions,  proportdonal  to  th« 
distance  of  the  object  from  the  axis  of  the  theodolite,  instead 
of  to  its  distance  from  the  anterior  focus  of  the  object-glass  as  ia 
the  case  in  an  ordinary  telescope.  By  this  means  the  interce|A 
of  a  pail  of  fixed  wires  in  the  diaphragm  on  a  graduated  stcdt 
ia  directly  proportional  to  the  distance  of  the  staff  from  the 
axis  of  the  theodolite.  Itt  other  words,  in  consequence  of  the 
interpositioD  of  the  anallatic  lens,*  the  rays  coming  from  the 
end-wires  to  the  staff,  form  an  angle  u  with  its  vertex  at  0,  the 
centre  of  the  telescope.  The  angle  ai  is  termed  the  diastimometrio 
angle,  and  0  the  anallatic  point. 
The  angle  m  varies  with  the  dis- 
tance of  the  anallatic  lens  from  the 
object-glass.  If  this  distance  in- 
creases, a;  decreases,  and  conversely, 
whilst  the  distance  remains  constant, 
M  is  invariable.  It  can  readily  be 
seen  that  the  distance  from  0,  the 
centre  of  the  telescope,  can  be  de- 
duced from  the  length  A  B  inter- 
cepted by  the  wires.  In  fact  the  sides  of  the  diasfimometric 
angle  form  with  the  staff  virtual  triangles,  0  A  B,  0  A'  B'.  These 
triangles  being  similar  give — 

OF_OP'  _. 
A  B      A'  B' 

It  is  thus  merely  necessary  to  determine  a  simple  constant,  the 
diastknometric  ratio,  and  then  to  move  the  amillatio  lens  until 
u  corresponds  to  it.  As  a  rule,  k  is  taken  as  ^^,  in  which  case  w 
is  equal  to  0-32  centedmal  degree.  It  follows  that  at  200  yards, 
for  example,  the  length  of  staff  intercepted  should  be  1  yard. 
The  diastimometric  ratio  is  represented  by  the  expression  2  tan 

tr.    The  distance  ia  then  a  -§-  2  tan  -. 


Kg.  130. 
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The  original  instrumeiita,  tacheometers,  made  by  Porro  wen 
very  favouiably  reported  on  by  a  French  GoTernment  Com- 
nuadon.  Their  extremely  delicate  nature,  however,  prevented 
them  from  coming  into  general  use. 

In  1856,  H.  Uoinot  gave  the  taoheometer  a  form  leHembling 
that  of  the  larger  modem  theodolites.  Hia  instrument  ie  based 
on  the  same  prindple  as  that  of  Porro,  but  is  much  less  delicate 
and  less  ezpeosive,  while  giving  results  of  great  accuracy.  Lilce 
Porto's  origiDal  instrument,  Moinot's  tacheometer  permits  dis- 
tances to  be  measured  at  the  same  time  as  angles  and  diSerences 
in  level.  Its  use  has  led  to  a  new  method  of  surveying  for  railway 
purposes,  termed  taobeometry,  which  is  quite  as  accurate  as  the 
older  method  of  longitudinal-  and  cross-sections.  By  the  advan- 
tages it  presents  of  greater  rapidity,  and  the  small  number  of 
assistants  required,  this  method  I^  undoubtedly  contiibuted 
to  the  development  of  railways,  notably  in  mountainous  districts. 
The  aim  of  tacheometiy  is  to  survey  and  level  simultaneously  a 
tract  of  ground  with  the  greatest  possible  accuracy  in  the  least 
possible  time.  In  mountainous  districts,  it  is  a  method  of  the 
greatest  value,  since  it  dispenses  with  the  chain  and  spirit  level, 
and  thus  the  laborious,  slow,  and  ezpennve  processes  of  chaining 
over  bad  ground  and  of  leWling  up  and  down  hill,  are  avoided. 
By  means  of  a  single  observation,  the  distance,  azimuth,  and 
h^ht  are  determined  of  every  point  visible  and  accessible  from 
a  given  station  point.  In  this  way,  surveys  are  made  in  ona- 
tlurd  to  one-fifth  of  the  time  that  is  required  for  the  older 
methods.  Since  its  first  application  by  Moinot  in  1866,  on  the 
line  from  Nice  to  Genoa,  it  has  been  employed  in  most  of  the 
continental  countries,  excepting  perhaps  North  Qennany.  There 
Beichenbach's  method  is  still  used ;  instruments  being  constructed 
under  the  name  of  tacheometers,  more  or  less  similar  to  Moinot's 
tacheometer,  but  without  the  anallatic  telescope. 

The  tacheometer  is  so  constructed  that  2  tan  ^  is  equal  to  ^^. 

The  distance  being  equal  to  200  a  may  be  read  direct  from  the 
staff,  if  the  latter  is  graduated  in  half-centimetres.  Thus,  if  the 
lower  wire  coincides  with  the  division  marked  100,  and  the 
upper  one  with  the  diviwon  110,  the  height  t  will  be  eqnal  to 
110  —  100=10  half-centimetres,  and  the  distance  will  be 
10  metres. 

In  order  to  reduce  the  measured  distance  to  the  horizontal,  the 
work  is  always  carried  on  with  the  stafi  held  vertical,  and  the 
angle  of  inclination  of  the  optic  axis  is  determined. 
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Asy  oidinary  theodolite  having  a  good  telescope  and  fitted 
wi^  a  subtense  reticule  may  be  used  foi  tacheometric  surveying. 
The  distances  which  can  be  measured  with  reasonable  sccuiacy 
ace  limited  by  the  foim  of  the  telescope,  thus  it  may  be  stated 
that  a  lO-inch  telescope  with  a  magni^ng  power  of,  say,  20 
diameters  will  enable  a  distance  of  300  feet  to  be  measured  within 
a  foot.  The  instrument  should  be  tested  over  measured  distances 
varying  from  100  to  600  feet  or  even  more,  if  it  is  provided  with 
a  large  telescope. 

The  tacheometer  is  essentially  a  theodolite  with  a  concentric 
distance-measuring  telescope.  It  difEers  from  the  theodolite 
in  being  furnished  trith  an  anallatic  lens,  and  sometimes  in 
being  graduated  according  to  the  centesmal  method,  the  ciicle 
being  divided  into  iOO  parts  or  degrees.  For  some  purposes 
this  division  is  very  convenient.  The  angles  are  read  more 
rapidly,  on  account  of  the  simplicity  of  the  (^vision  into  tens 
and  hundreds,  and  since  they  are  read  from  two  verniers,  one 
at  each  end  of  a  diameter  of  the  circle,  errors  are  at  once 
evident,  the  readings  difiering  by  200°.  Lastly,  with  the  cen- 
tesimal dividon,  the  slide-rule  computations  ace  greatly  facilitated. 
TaUes  of  logarithms  for  the  centesimal  method  have  been  pre- 
pared by  Callet,  Borda,  PlauB<dleB,  Laland,  and  others,  and 
have  been  in  use  for  many  years. 

Tha  Staves  used  in  tacheometry  ace  always  graduated  with 
suffident  distinctness  to  be  read  by  the  observers.  Porro's  staff 
ia  triangular  in  section,  and  has  three  graduations  with  different 
■nbdiviflions  according  to  requirements.  For  short  distances, 
the  divisions  are  extremely  fine ;  for  greater  distances  only 
whole  metres  are  marked  in  bold  figures.  Moinot's  staff  is 
graduated  in  such  a  way  that  it  can  be  used  for  short  or  for  long 


The  staff  should  not  exceed  12  to  16  feet  in  length,  and  should 
be  made  of  light  wood.  During  the  observation  it  must  be  held 
perfectly  vertical.  It  should  therefore  be  provided  with  a  plumb- 
fine,  or,  better,  with  a  round  spirit  level,  and  a  pair  of  light  sliding 
l^s  attached  to  the  back  of  the  staff. 

Calontations. — For  calculating  the  results  of  a  tacheometer- 
Burvey,  the  slide-rule  may  advanti^ously  be  used.  The  rule 
contains  scales  of  numbers,  sines,  and  tangents.  To  these 
Hoinot  has  added  a  scale  giving  the  values  of  tan*,  the  ori^n  of 
which  is  so  placed  that  a  single  setting  of  the  elide  gives  simul- 
taneously the  horizontal  distance  (s  sin*  <f),  and  the  difiecence 
of  le^l.    By  means  of  these  scales,  the  co-ordinates  of  points 
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obaerved  from  a  ungle  station  with  the  tacheometer  are  rapidly 
computed,  without  any  direct  measuremente  being  made. 

The  Protractor  designed  by  Moinot  for  piotting  tacheometer- 
siirveys  differs  from  the  ordutary  protractor,  in  that  it  gives  at 
the  same  time  the  direction  and  the  distance  of  the  point  to  be 
determined  on  the  plan.  It  is  a  aemicircolar  protractor,  of 
transparent  horn,  or  of  thick  paper,  provided  with  a  needle- 
pointed  pivot  at  its  centre.  Its  straight-edge  is  graduated  sa 
that  distances  can  be  measured  off  each  way  from  the  centra 
Angles  are  obtained  from  the  graduated  Bemicdrcle,  readii^  from 
a  point  marked  on  the  plan. 

Tbe  FleU-Work. — Tacheometric-surveys  are  usually  conducted 
by  A  party  of  three,  (1)  the  engineer  to  direct  the  work ;  (2)  the 
observer  at  the  instrument ;  and  (3)  the  recorder  to  book  the 
results.  On  level  ground  two  stafF-holders  ate  employed,  and 
on  irr^ular  ground  one  or  two  more  are  necessary,  in  order  to 
prevent  loss  of  time  to  the  observer.  For  less  important  surveys 
ooe  observer  and  one  staff-holder  suffice. 

When  the  instrument  has  been  set  up  at  a  suitable  point. 
Staff-holders  are  sent  to  all  the  pdnts  to  be  surveyed.  To  each 
point  a  number  is  assigned,  and  noted  in  the  field-book,  and  on 
a  sketch  made  at  the  same  time.  The  telescope-  is  directed 
towards  the  stafi,  and  the  stadia  wires  ate  read  and  noted 
in  the  proper  column  of  the  field-book.  The  homontal  and 
vortical  angles  are  then  read  and  noted.  This  operation  is 
repeated  for  all  the  points  that  can  be  seen  from  this  station. 

In  t^s  way,  for  every  point  three  figures  are  obtained — the 
distance,  and  the  horizontal  and  vertical  angles.  The  point  is 
thus  fixed  by  means  of  polar  co-ocdi  nates. 

If  the  survey  has  to  be  connected  with  one  previously  made, 
some  data  from  the  former  work  are  necessary  in  o^der  to  make 
the  connection.  Two  points,  if  accurately  determined,  are 
sufficient. 

The  instrument  having  been  set  up  and  levelled,  the  engineer 
mokes  a  leconnaisauce  M  the  ground  to  be  surveyed,  and  gives 
instructions  to  the  stafi-holder,  who  goes  successively  to  all  the 
points  selected  by  the  engineer,  and  at  each  one  holds  the  staff 
steadily  vertical  until  he  receives  a  signal  to  pass  on.  The 
observer  at  the  instrument  now  makes  the  necessary  observations, 
which  are  noted  in  the  field-book  by  the  recorder. 

When  the  ground  to  be  surveyed  is  so  estensive  that  two 
stations  are  necessary,  the  engineer  selects  two  poinl^i  visible 
from  both  stations.    When  the  observation  m  the  first  station 
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is  finiabed,  the  instiument  is  moved  to  the  aecond,  and  the  tvo 
points  are  obaerved.  The  connection  could,  of  course,  be  made 
by  meanB  of  one  point  only.  It  is,  however,  advisable  to  employ 
two  as  a  check  on  the  accuracy  of  the  work.  When  a  number 
of  stations  are  reqiured  the  method  is  aimilai.  The  method 
des^bed  is  that  used  by  Porro. 

Moinot  employs  the  tacheometer  in  preliminary  surveyB  for 
riulway  lines  in  the  following  manner : — Before  the  belt  of 
ground  is  surveyed,  an  extensive  reconnaisance  is  undertaken, 
and  the  main  direction  of  the  railway  determined,  so  that  the 
survey  may  be  limited  to  a  comparatively  narrow  atrip.  On 
account  of  the  rapidity  of  the  method  there  is  no  occasion  to  be 
too  anxious  about  limiting  the  width.  A  strip  should  always  be 
selected  of  sufficient  width  to  allow  if  necessary  a  lateral  dis- 
placement of  the  line.  A  width  of  400  yards  is  quite  sufficient. 
Marks  are  fixed  200  to  300  yards  apart,  and  numbers  are  aeogned 
to  them.  For  filling  in  details,  points  ai«  chosen  wherever  the 
ground  presents  any  decided  change  of  level.  The  instrument 
is  set  up  at  a  point  so  selected  that  connection  can  be  made  with 
any  existing  survey  or  railway.  The  assistant  then  gives  a  signal 
with  a  whistie  or  horn  to  announce  that  he  is  ready.  In  the 
meantime  the  recorder  has  measured  and  noted  the  height  of  the 
instrument,  and  the  engineer  has  made  a  sketch  roughly  to 
the  scale  of  the  plan  to  be  prepared,  showing  all  the  roads,  rivers, 
boundaries,  fields,  and  the  station  of  the  instrument.  As  soon 
as  he  hears  the  signal,  the  engineer  indicates  to  each  stafE-hoIder 
his  place,  care  being  taken  that  only  one  staff  is  ready  at  a  time. 
The  other  stafi-holder  is  still  on  the  road,  or,  if  alraady  at  bis 
post,  he  turns  the  narrow  side  of  the  staff  towards  the  instrument, 
and  remains  in  this  position  until  it  is  signalled  to  him  that  the 
preceding  reading  is  finished.  He  then  turns  the  graduation  of 
the  staff  towards  the  instrument,  and  by  means  of  a  signal  directs 
attention  to  his  position.  He  then  awaits  the  ugnal  that  he  can 
pass  on. 

The  assistant  at  the  instrument  bos  to  read  the  upper  and  the 
lower  wires  with  each  staff,  and  then  the  vertical  and  horizontal 
angles,  and  to  call  them  out  in  this  order  to  the  recorder,  who 
notes  them  in  the  field-book.  The  recorder  enters  the  points  in 
order,  as  I,  2,  3,  etc.  At  every  fifth  or  tenth  point  the  assistant 
gives  a  double  signal,  whereby  the  engineer,  although  at  a  distance 
from  the  instrument,  has  a  check  on  the  accuracy  of  the  booking, 
seeing  that  he  has  entered  the  points  in  his  sketch  in  the  same 
Older. 
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In  Older  to  ecoDomise  time,  the  engineer  selects  tlie  points  in 
such  a  way  that  he  comes  finally  in  proximity  to  the  point  he 
regarded  as  being  mo3t  suitable  for  the  next  station,  Here  he 
placeB  a  mark  and  sets  up  a  staS,  at  the  same  time  giving  a 
special  signal  to  the  assistant. 

When  the  readings  for  this  next  station  are  finished,  the 
observations  at  the  first  station  are  complete,  and  the  instrument 
is  carried  on.  In  the  meantime,  the  man  who  was  holding  the 
staff  at  the  new  station  returns  to  the  preceding  one  just  left  by 
the  instrument.  The  recorder  b^ns  a  new  station  in  the  field- 
book,  and  at  once  enters  the  height  of  the  instrument  in  its 
proper  colunm.  A  back  observation  is  now  taken,  and  the 
distance,  height,  and  azimuth  should  coincide  with  the  results 
previously  obtained. 

By  the  aid  of  this  method,  Moinot  has  surveyed  about  1,000 
miles  for  railway  purposes.  The  distances,  when  meaaured  on 
the  ground  with  extreme  care,  have  never  differed  from  Ihose 
shown  on  the  plan  by  more  than  one  per  thousand,  and  the 
longitudinal  section  obtained  by  accurate  spiritnle veiling  has 
never  presented  any  appreciable  difference  when  compared  with 
the  leaulta  afforded  by  the  heights  given  on  the  plan. 

FleU-Book. — The  methods  of  entering  the  notes  of  a  tacheo- 
metric-anrvey  vary  considerably.  A  convenient  method  is  to 
tabulate  in  ten  columns,  headed  as  follows : — 1,  Zero  station ; 
2,  instrument  station  ;  3,  staff  station  ;  4,  height  of  instrument ; 
5,  6,  7,  the  three  stadia  readings,  upper,  lower,  and  middle 
respectively  ;  8,  vertical  angle  ;  9,  horizontal  angle  ;  10,  remarks. 

Th«  Topographical  Stadia  is  a  plane  table  in  which  the  alidade 
is  provided  with  a  telescope  fitted  with  subtense  wires.  The 
points  are  observed  from  one  station,  the  distances  from  tlus 
being  reduced  to  the  horizontal,  and  the  heights  calculated  on 
the  spot  by  means  of  a  special  slide-rule.  The  data  thus  obtained 
are  at  once  plotted  to  the  scale  required  on  a  sheet  of  paper 
stretched  on  the  ^ane  table,  the  height  of  each  point  being 
accurately  noted.  When  the  height  of  a  sufficient  number  of 
points  ia  determined,  contour  lines  are  traced  with  the  ground 
in  view.    In  fact,  the  ground  is  practically  sketched  from  nature. 

An  instrument  devised  by  Professor  Henry  Louis,  D.Sc,  for 
use  with  the  topographical  stadia  in  hilly  countries  hoa  proved 
very  satisfactory  in  practice.  This  consists  of  a  pair  of  propor- 
tional compasses,  the  special  feature  of  which  is  the  method  of 
graduation.  The  graduations  are  arrai^ed  so  that  after  setting 
the  index  to  the  vertical  angle  measured  on  the  alidade,  and 
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Betting  the  pointe  of  the  loi^  arms  of  the  compaeses  to  the  distance 
on  the  slope  (which  is  obtained  directly  from  the  telescope 
ceadingB),  the  corrected  distance  is  given  by  the  points  of  the 
short  anna,  and  can  be  plotted  directly  on  this  plan.  The 
instrument  is  not  intended  for  use  when  eontonring. 

On  the  United  States  Coast  and  Geodetic  Survey,  the  plane 
table  has  been  exclusively  used  for  making  topographical  surveys  ; 
the  stadia,  oi  teUmeter  aa  it  is  called  on  that  service  being  used 
in  connection  with  it.  The  stadia  ia  graduated  experimenfeUly  for 
the  particular  instrument,  and  for  the  eye  of  the  observer  who 
has  it  in  use.  It  is  simply  a  scale  of  equal  parts  painted  upon  a 
wooden  staff,  about  10  feet  long,  5  inches  wide,  and  IJ  inches  thick, 
80  graduated  that  the  number  of  divisions,  as  seen  between  the 
horizontal  wires  of  the  telescope,  is  equal  to  the  number  ofTnetres 
in  the  distance  between  the  observer's  eye  and  the  stafi  held 
perpendicular  to  the  line  of  sight. 

American  experience  tends  to  show  that  the  plane  table  is 
adapted  to  open  country  and  long  distances,  where  no  contour 
lines  are  to  be  determined,  and  where  the  stations  are  compara- 
tively few,  aa  well  as  where  a  multiplicity  of  detail  is  required. 
Against  the  advantage  of  plotting  the  work  in  the  field  may  be 
placed  the  disadvantages  of  having  no  record  but  the  field-sheet, 
which  is  liable  to  be  spoiled  in  a  storm. 

Accuracy  of  Tacheometric-Surveys. — ^Valuable  information  aa 
to  the  accuracy  of  this  method  of  surveying  ia  given  in  the  report 
of  the  United  States  Lake  Survey  for  1875.  The  entire  stadia 
work  of  that  year  was  co-ordinated,  and  compared  with  the 
corresponding  distances  obtained  by  tri angulation.  In  this 
way  141  lines,  on  an  average  1\  miks  in  length,  were  tested, 
the  average  error  being  1  in  650.  The  distance  between  the 
stations  averaged  800  to  1,000  feet.  The  limit  of  error  allowable 
in  closing  on  a  triangulation  was  1  in  300.  The  readings  were 
taken  to  the  nearest  metre ;  the  staves  were  graduated  for  a 
single  distance ;  and  no  corrections  were  apjdi^  when  the  dis- 
tance read  was  greater  or  leas  than  this.  Had  more  care  been 
exerdsed  in  the  work,  the  readings  limited  to  1,000  feet,  and 
all  corrections  applied,  it  would  have  been  easy  to  bring  the  error 
within  1  in  1,200. 

This  method  was  used  by  Mr.  W.  B.  Dawson  in  1882  for  the 
preparation  of  a  map  of  the  gold-field  on  the  Atlantic  Coast  of 
Nova  Scotia,  on  a  scale  of  2  inches  to  the  mile.  The  traverse 
lines  ran  along  the  roads  and  principal  streams,  forming  a  net- 
work of  quadiilaterals,  and  were  plotted  by  co-ordinates.    The 
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ioBtruments  used  in  the  surrey  vere  a  Sopwitli  levelling-staff, 
and  a  6-inch  tranait- theodolite  with  a  4i-inch  compass- needle. 
The  telescope  was  fitted  with  three  horizontal  spider  lines, 
unequally  spaced,  the  larger  interval  corresponding  to  100  feet 
tA  distance  tor  each  foot  intercepted  by  the  staS.  The  smaller  one 
was  only  used  for  longer  sight,  and  when  the  view  was  obstructed. 
In  five  months  of  field  work  an  area  of  180  sqnaie  miles  was 
surveyed,  including  nearfy  one  hundred  lakes  from  7  miles  long, 
downwards,  all  the  work  being  done  by  Mr.  Dawson  with  one 
assistant,  and  one  or  two  men  according  to  circumstances.  Wet 
days  were  devoted  to  the  reduction  of  the  obaervationa.  The 
total  cost  of  the  survey  was  16-76  dollars  per  square  mile. 

Atmospheric  refraction  presents  difficulties.  Mr.  Caoke  shows 
that  the  atmospheric  refraction  of  the  lower  line  of  sight,  which 
traverses  air  strata  close  to  the  ground,  is  much  greater  than 
that  of  the  upper  sight,  and  the  effect  is  variable.  With  the 
stafi  placed  horizontally  the  refraction  is  equal  for  the  two 
readings.  The  best  results  can  be  obtained  in  the  early 
mornings  and  the  evenings  when  the  atmosphere  ia  compara- 
tively still. 

TelesG<v>e  Measurements  In  Hlne-Surveys. — In  mine-Bnrveys 
very  accurate  readings  may  be  obtained  on  account  of  the 
steadiness  of  the  air.  Fron  Goch  mine,  Xorth  Wales,  was 
surveyed  in  t^s  way  by  an  Italian  engineer.  A  transit- 
theodolite  magnifying  ten  times,  with  adjustable  micrometer 
wires,  was  used  in  1866  with  great  success  by  Mr,  B.  S.  Lyman 
for  surveying  in  an  American  colliery.  It  saved  much  dis- 
f^reeahle  groping  in  the  mud  to  count  the  links  of  a  chain,  and 
levels  were  taken  at  the  same  time.  The  wires  were  placed  so 
far  apart  that  1  foot  of  space  intercepted  on  the  stafE  indicated 
a  distance  of  100  feet.  The  fignies  on  the  staS  were  painted 
with  red  ink  upon  thin  paper  that  had  been  fastened  to  strips 
of  common  window  glass  by  transparent  varnish.  Then  over 
the  paper  another  coat  of  varnish  was  poured,  and  upon  this 
was  placed  another  strip  of  glass.  The  glasses,  with  the  paper 
between  them,  were  then  put  into  a  narrow  wooden  frame, 
which  formed  one  side  of  a  long  box.  This  had  neither  top  nor 
bottom,  and  its  sides  were  so  hinged  together  that  they  folded 
over  upon  each  other  when  not  in  use.  The  back  of  the  box. 
had  holes  through  it  to  supply  air  to  the  lights,  and  either 
safety-lampe  or  candles  were  fixed  to  the  wood  of  the  back. 
The  box  was  made  6  feet  in  length ;  but  for  low  mines  one 
mieht  be  made  much  shorter.     This  etafi  lighted  inside  makee 
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telescopic  meaauriDg  and  levelling  easy  undei^rouDd,  where 
chaining  is  particularly  disagreeable. 

To  remedy  the  difficulty  of  getting  sufficient  light  to  read  the 
ordinary  staff,  Professor  Johnson  proposes  to  use  two  strips,  one- 
quarter  of  an  inch  wide,  one  of  which  is  fastened  with  its  top 
even  with  the  zero  of  the  stadia  scale,  whilst  the  other  is  moved 
to  suit  the  poeition  of  the  other  wire.  The  readii^  of  the  top 
edge  of  the  upper  strip  then  gives  the  distance,  which  is  read  on 
by  the  stafE-holder. 

Tacheometry  is  specially  adapted  for  geol<^eal -surveys,  which 
have  frequently  to  be  made  in  mountainous  districts  where 
chaining  is  laborious  and  inaccurate,  and  where  levelling  up  and 
down  the  aides  of  the  mountains  is  not  practicable.* 

The  Gradlent-Telnnetflr  Mining  Dial. — The  principles  of  tacheo- 
metry have  been  successfully  applied  to  undeiground-surveys  in 
the  mining  dial  invented  by  Mr.  J.  Short  and  manufactured  by 
Mr.  L.  Cafielia  of  London  (Fig.  131).  Like  the  gradient-telemeter 
level,  of  which  it  ia  a  modification,  the  dial  is  furnished  with  a 
horizontal  limb  on  which  are  marked  the  gradients  of  1  in  600  to 

I  in  24.  The  gradient  marks  are  such  a  distance  apart  that 
they  can  be  easily  read  at  the  index  without  the  aid  of  a  reading 
microscope,  no  vernier  being  necessary.  This,  together  with 
the  fact  that  the  observation  that  gives  the  gradient  also  g^vea 
the  distance  of  the  observer's  station  from  the  object,  enables 
accurate  levelling  to  be  done  with  remarkable  rapidity.  A  hori- 
zontal circle  is  also  provided  for  fixed-needle  dialling.  This  is 
read  by  a  vernier  to  five  minutes.  Distances  are  measured  or 
set  out  by  simply  reading  a  levelling  staff  or  a  suspended  tape 
placed  at  the  distant  position.     The  instrument  has  a  telescope 

II  inches  in  length  with  an  extra  large  object-glass  1-7  inches  in 
diameter.  It  is  adapted  for  surface  work  as  well  as  for  mine- 
aurveya,  and  can  be  used  as  a  high-class  dumpy-level. 

For  ascertaining  the  gradient  between  two  stations,  the  instru- 
ment is  set  up  at  the  first  and  levelled  with  the  gradient  limb 

*  Foi  fDrthei  infoTitiatioii  on  this  method  of  surveying,  the  atndent  ia 
lef  erred  to  J.  B.  Johngtoa'a  Topographical  Surveying  by  mtant  of  the  Trnatit 
and  Stadia,  New  fork,  1886;  and  to  B.  H.  Brough's  paper.  If  in.  Proe. 
Imt.  C.E.,  vol.  xoi,  1888,  p.  282,  in  which  a  bibliography  of  the  subject 
ia  given.  See  «lio  papers  by  N.  Kennedy,  Min.  Proe.  Init.  C.E.,  vol.  icix., 
1S90,  p.  30S  ;  by  W.  Airy,  ibt'd.,  voL  ci.,  1890,  p.  222  ;  by  Tt.  E.  Hiddlelon, 
ibid.,  vol.  ezvi.,  1S94,  p.  311 ;  by  W.  Foole,  Aid.,  vol.  onzix.,  1900,  p.  2S9 ; 
by  H.  G.  Dempster,  ibid.,  p.  273;  by  H.  P.  Seale,  Tratu.  Avelralatian 
Init.  M.E.,  vol.  vi,  1900,  p.  62 ;  and  by  A.  H.  Webb,  with  dinuadon  by 
L.  H.  Cooke,  TroM.  Itat.  Mm.  MO.,  vol.  xv.,  1906,  p.  304. 
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damped  at  xeto.  The  height  of  the  centre  of  the  telescope  from 
the  giound  is  then  read  from  a  tape  hanging  from  the  baM-plate 
of  the  ioBtrument.  A  levelling-stafE  is  then  held  uptight  at  the 
second  station,  the  telescope  directed  to  it,  and  the  reading 
taken.  If  the  reading  on  the  staS  is  the  same  as  that  on  the 
tape  below  the  instrament,  the  two  stations  aie  at  the  same 
level.  If,  however,  the  reading  differs,  the  clamp  screw  Sxing 
the  two  axes  of  the  instrument  is  loosened,  and,  with  the  tele* 


Fig.  13L 

scope  held  lightly  in  one  hand,  the  graduated  horixontal  limb  is 
moved  with  the  other  hand  (by  means  of  radial  bars  or  ribs  on 
its  under  suiface)  until  the  cross-wire  of  the  telescope  exactly 
cuts  on  the  staS  the  same  height  as  that  given  by  the  suspended 
tape.  During  this  operation,  the  index  attached  to  the  telescope 
will  have  moved  on  the  graduated  limb  of  the  instrument,  and, 
on  the  reading  of  the  index  being  noted,  the  gradient  between 
the  two  stations  will  be  given  without  any  calculation  whatever. 
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A  Bcnw  attached  to  the  clamp,  gives  a  fine  adjustment  and 
permits  a  reiy  acouiate  reading  of  the  staS. 

For  meaBuring  the  distance  between  two  etations,  the  instru- 
ment ia  set  up  and  levelled  with  the  index  clamped  at  zero.  An 
ordinary'  U-foot  staff  divided  ^in  hundredths  of  a  foot  is  then 
sighted  at  the  second  station.  Suppose  the  reading  to  be  10-68. 
The  clamp  ia  then  unloosened  and  the  telescope  moved  until  the 
index  reads  exactly  100  on  the  graduated  limb,  and  fixed  there  by 
the  clamp.  The  telescope  is  then  moved  round  on  the  outer  axis 
of  the  instrument,  and  again  read  the  staS.  Suppose  the  second 
reading  to  be  6*42.  The  difference  between  the  two  readings  is 
4-26,  and  the  distance  between  the  two  stations  is  426  feet.  In 
other  words,  eliminate  the  decimal  point  from  the  difieience  of  the 
two  readings,  and  the  figures  as  they  stand  give  the  distance  in 
feet  without  any  calculation  whatever. 

An  extenaon  of  the  method  is  to  use  other  gradients,  thus — 
>0  and  divide  the  difference  by  2. 


Provided  the  stafi  is  divided  decimally,  the  metre  or  any 
other  scale  may  be  used. 

For  fixed-neeile  dialling,  the  instrument  is  used  in  the  usual 
manner.  It  is  provided  with  a  4J-inch  aluminium  compass-ring 
read  by  a  prism.  It  has  a  locking  plate  and  three  levelling  screws, 
and  the  telescope  cap  is  graduated  for  slopes  of  side  sections. 
The  tripod  stand  is  jointed  at  short  length  so  that  it  may  be 
used  in  a  2-fooc  seam. 

The  Dimbar-Seott  Mine  Tacheomeltt.— Mr,  Dunbar  D.  Scott 
has  successfully  applied  his  idea  of  an  interchangeable  and 
adjustable  auxiliary  telescope  to  the  mine  taoheometei.  The 
instrument  is  arranged  to  perform  the  most  difficult  problems 
to  be  encountered  in  shaft- surveying  without  the  correction 
for  eccentricity  necessary  with  the  earlier  types  of  top  or  side 
auxiliary  telescope.  This  is  effected  by  extending  the  horizontal 
axis  sufficiently  far  beyond  the  bearings  as  to  terminate  in  a 
threaded  hub.  Open  vertical  pillars  are  cast  in  one  jnece  with 
the  hub  of  the  main  telescope  of  exactly  the  same  length  as  the 
horizontal  axis  thus  extended.  The  auxiliary  telescope  has  a 
peculiarly  constructed  hub,  which  may  be  applied  to  the  threaded 
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eiteosion  of  eitheT  the  horizontal  tuds  or  of  the  vertioal  pillsra, 
ftod  rapidly  ranged  into  the  same  visual  plane  with  the  main 


Tig.  133— DaubN-Boott  Utn*  TMh»<»iwtai. 
telescope.     Tacheometets  on  this  eiystem  aie  made  by  W>  F. 
Stanley  &  Co.,  London,  »nd  by  the  American  fiims  of  Bufi  if 
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Bufi  and  F,  E.  Biandia  &  Sons.  The  instrument  made  by  Witt- 
atock,  of  Beriin,  is  of  a  mote  stiudy  type.  The  dimenBions  of  tlie 
instrument  shown  in  Fig.  132  aie  as  follows : — Horizontal  circle, 
5  inches;  vertical  circle,  4J  inches;  main  telescope,  20  to 
26  diameteis  power  and  8  inches  long ;  weight  of  instrument 
complete,  8}  lbs.,  and  extenfdon  tripod  6  Ibe.  additional.  The 
counterpoise,  which  is  always  to  be  attached  opposite  the  auxiliary 
telescope,  weighs  but  a  few  ounces.  It  always  remains  in  the  case, 
with  the  auxiliary  telescope,  except  when  the  special  occasion 
demands  their  use.  In  ordinary  work  the  threaded  extensions 
to  the  pillars  and  the  extended  horizontal  axis  are  protected  by 
small  caps.  The  edge  graduation  of  both  circles  is  noteworthy, 
and  the  vernier  of  the  vertical  circle  is  very  conveniently  placed. 
The  Mayer  and  Wiesmana  Tacheometer.  —  For  surveying 
operations  in  the  Simplon  tunnel,  Messrs.  Mayer  and  WiesmauQ 
designed  a  tacheometer,  resembling  an  ordinary  transit-theodolite, 
but  with  three  additional  pieces.  On  the  side  of  the  standards 
sliding  in  a  slit  and  to  be  connected  with  the  telescope  by  the 
tightening  of  a  screw,  is  a  vernier  which  travels  backwards  and 
forwards,  following  the  movements  of  the  telescope.  It  thus 
describes  the  tangent  of  the  vertical  angle.  The  distance  between 
the  telescope  axis  and  the  vernier  pivot  being  1,  the  scale  on  the 
slit  is  made  equal  to  it  and  subdivided  into  100  parts.  Beadii^s 
of  the  tangent  are,  therefore,  made  to  three  places  of  decimals. 
A  sinular  apparatus  is  attached  to  the  horizontal  plate  and  gives 
the  secants  of  the  horizontal  angles.  To  the  horizontal  plate  is 
also  attached  an  arc,  giving  horizontal  tangents,  for  setting  out 
curves.  In  this  way  the  use  of  tables  is  obviated.  Drawings  of 
the  instrument  are  given  in  the  Engineer  of  December  15,  1905, 
The  Hammer-Fennel  tacheometer"'  is  another  improved  instru- 
ment of  great  accuracy,  by  the  aid  of  which  slide  rules  or  tables 
can  be  dispensed  with. 

*  TroTU.  Itut.  Jfin.  Eng ,  vol.  zirii.,  1906,  p.  373. 
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CHAPTER  XIX. 

Setting-out. 

Setttng-out  Railways  to  Mines.— Railways  to  mineB  may  easily 
be  Bet-out  when  the  gronnd  presents  no  great  irregularities,  the 
beat  line  for  the  railway  being  determined  by  levelling  from  the 
starting-point  to  the  mine.  The  line,  of  which  a  trial  section 
shows  the  fewest  difficulties  of  construction,  having  been  selected, 
it  is  roughly  marked  out  on  the  ground  by  strong  pegs.  The 
entire  line  is  then  carefully  levelled  and  an  accurate  section 
drawn.  From  this  the  amount  of  cutting  and  embankment 
necessary  may  be  determined.  The  entire  line  is  then  set  out  on 
the  ground. 

Two  stakes  are  driven  into  the  gronnd  with  their  heads  at  the 
intended  formation  level,  at  distances  of  about  60  feet  apart,  near 
the  commencement  of  a  proposed  cutting.  The  excavators  are 
then  able  to  carry  on  the  cutting  at  the  proper  rate  of  inclina- 
tion by  a  process  called  boning.  This  consists  in  ranging  a  line, 
of  uniform  inclination,  from  two  points  in  il;  with  T-shaped 
instruments,  called  bonmg  rods.  Boning  rods  of  the  same  height 
are  held  vertically  upon  the  two  stakes  driven  into  the  ground, 
and  a  third  rod  is  held  at  some  point  along  the  intended  slope  ; 
then,  if  the  inclination  is  correct,  the  tops  of  the  three  rods  will 
be  in  line.  If  the  third  rod  is  too  low  or  too  high,  it  must  be 
raised  or  lowered  until  it  is  in  line  with  the  tops  of  the  other 
rods. 

Ranging  Curves. — Railway  curves  aire  of  frequent  occurrence, 
and  even  branch  railwajrs  to  mines,  which  are  usually  not  of  great 
length,  can  rarely  be  made  without  them. 

A  common  method  of  setting-out  a  railway  curve  of  a  given 
radius  on  the  ground  is  by  means  of  oSeets.  In  Fig.  133,  A  and 
G  are  the  ends  of  the  straight  portions  of  the  line  to  be  connected 
by  a  curve,  being  the  two  points  at  which  the  curve  falls  into  the 
straight  lines.  Let  AC,  C £,  EG  be  the  distances  which  it  is 
desired  tliat  the  points  found  in  the  curve  shall  be  apart.    Then 
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measure,  upon  the  straight  line  A  C  produced  to  D,  the  distance 
C  D  equal  to  C  E,  and  join  D  E.     This  distance  D  E  is  called 

the  o^set,  and  gives  a  point  E  in  the 


the    points   C  E,  and    upon   it   lay   off  jj  A;:!''^         o^ 


curve.     Range  a  straight  line  through 

the    points   C  E,  and    upon   it   lay   off 

the  distance  E  !F   equal   to  E  Q,  and  /yb 

ioinFQ.    The  point  G  will  be  the  next        0^ 

point   in   the    curve.     Proceed  in   the    aA 

same  way  until  the  whole  extent  of  the  ^  133 

curve  has  been  set  out.     Let  f  be  the 

radius  of  the  curve,  and  (Lthe  distance  AC,  C E,  or  E  G,  which 

it  is  desired  that  the  points  found  in  the  curve  shall  be  apart, 

then  the  value  of  the  oftset  is 

If  C  E  and  E  G  are  two  equal  chords,  the  offset  is 
„„       CE-CD      CE* 


A  B  being  a  tangent  to  the  curve  at  A,  the  value  of  the  offset 
from  the  tangent  is 

AC« 


BC  = 


2r' 


The  values  cd  G  D  and  E  F  will  be  found  from  the  following 
equations : — 

VC  E»  -  D  E»  =  C  D,  and 

CE(f-DE)^-gp 

T 

For  exompk— Let  r  =  15  chains  or  990  feet,  and  the  distance 
d=\  chain  or  66  feet,  the  length  of  the  first  offset  is  ^^ 
=  2*2  feet.  The  distance  to  be  laid  off  upon  the  line  A  0  produced 
to  give  the  place  for  this  offset  is  ^66^  —  2-2*  =  65-963  feet. 

Again  the  length  of  the  second  offaet  is jkjt =  4-397  feet, 

and  the  distance  to  be  laid  off  upon  the  chord  produced  to  give 
=  65-85  feet. 
A  rough  method  of  setting-out  curves  is  to  extend  a  line  from 
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tlie  tangential  portion  of  tlie  railway  and  measure  an  ofiset  at 
the  end  of  each  chain  along  the  tangent.  TKe  aucceasiTe  o£bets 
in  fractious  of  a  chain  should  be — 

J_   2^    3»^  ^  ^ 

2r'2r'2»-'2r'  "'it' 

where  r  is  the  radius  in  chainB.    The  length  of  the  first  o&et  in 

792       396 
inches  would  be  -^  or  — ,  in  which  792  represents  the  number 

of  inches  in  a  chain. 

For  example.~-ii  the  curve  has  the  radius  of  40  chains,  the 
length,  in  inches,  of  the  offset  at  the  end  of  the  first  chain  is  9*9. 
The  second  ofiset  is  39-6  inches,  the  third  89-1  inches,  and  the 
fourth  158-4  inches. 

A  more  rapid  and  more  accurate  method  of  settii^-out  circular 
curves  is  by  means  of  angles  at  the  drcumference,  a  method  fifst 
described   by   Rankine   in    1843.     It 
is  based  on  the  theorem  {Euclid,  III., 
20)  that  the  angle  subtended  by  any 
arc  of  a  circle  at  the  centre  of  the 
circle  is  double  the  angle  subtended  by 
S  the  same  arc  at  any  point  in  the  cir- 
cumference of  the  circle.    In  Fig.  134, 
A  B  is  an  arc  of  a  circle,  C  Is  a  point  in 
jv,  134  its  circumference  lying  beyond  the  arc. 

The  angle  A  C  B  is  half  the  angle  sub- 
tended by  A  B  at  the  centre  of  the  circle.  When  the  point  at  which 
the  angle  is  measured  ties  upon  the  arc,  as  at  E,  it  is  the  angle 
B  £  F  =  A  E  G  that  is  equEtl  to  half  the  angle  at  the  centre  of 
the  circle.  When  the  point  at  which  the  angle  is  measured  is 
one  of  the  ends  of  the  arc,  as  at  A,  it  is  the  angle  DAB  that  is 
equal  to  half  the  angle  at  the  centre  of  the  circle,  espreseed  by 
a  formula,  the  angle  at  the  drcumfereiice  in  minutes  =  A  C  B  ^= 
F  E  B  =  I)  A  B  =  half  the  angle  at  the  centre 

length  of  arc 
radius  of  circle 


=  1718'-873- 


in  which  fonnula,  the  coeffident  is  the  value  in  minutes  of  one 
half  of  the  arc  that  is  equal  to  the  radius. 

The  English  practice  of  designating  curves  by  their  radii  in 
chains  has  but  few  advantages,  as  there  are  no  acie^e  cal- 
culations involved.     It  is  preferable  to  express  the  radii  in 


,.  Google 


bkTUnq-odt,  343 

hundieds  of  feet,  or  ctiains  of  100  feet.  Tlus  method  ie  dow 
ooming  into  general  use.  The  American  practice  is  to  designate 
carves  by  the  number  of  degrees  in  the  angle  subtended  at  the 
centre  by  an  arc  whose  chord  is  100  feet  in  length.  Thus,  cuires 
are  named  one-degree  curves,  two-degree  curves,  etc.,  when  the 
central  angle  aubtended  by  lOO  feet  is  one  degree,  two  degrees, 
etc.  In  this  method,  which  is  one  of  great  convenience,  confufdoa 
is  created  by  terming  the  centre  angle  "  the  angle  of  deflection." 
The  value  of  this  angle  in  degrees  is  5729-6  divided  by  the  radius 
in  feet.     ' 

In  setting-out  curves  by  means  of  angles  at  the  circumference, 
a  tranait-theodohte  is  set  and  adjusted  at  a  tangent  point,  as 
A,  and  directed  along  the  tangent  to  D.  An  angle  equal  to 
half  the  degree  of. curvature  is  deflected  from  AD  towards  the 
side  on  which  the  curve  is  to  run.  Of  the  two  chainmen,  the 
follower  holds  his  end  of  the  chain  at  A,  and  the  leader,  keeping 
the  chain  stretched,  is  directed  by  the  observer  at  the  instrument 
into  line  with  the  axis  of  the  telescope.  In  this  way,  the  portion 
of  the  point  £  on  the  curve  is  fixed.  From  the  line  A  E,  the  same 
angle  is  set  oS,  the  instrument  remaining  at  the  tangent  point. 
The  chainmen  move  forward ;  the  follower  stopping  at  E,  and 
the  leader  moving  the  stretched  chain  around  that  point  as 
centre  until  the  other  end  comes  into  line  with  the  axis  of  the 
telescope.  A  second  point  B  on  the  curve  is  thus  obtained.  By 
continuing  the  process  of  setting  ofl  angles  equal  to  half  the 
degree  of  curvature,  and  causing  them  to  subtend  distances  of 
100  feet  each,  the  entire  curve  is  set-out.  ■  It  is  necessary  that 
the  angle  formed  by  producing  the  straight  portions  of  the  line, 
should  be  known,  in  order  to  find  the  place  on  the  ground  from 
which  the  curve  is  to  start.  As  a  rule,  this  may  be  taken  at  once 
with  the  theodolite.  If  an  obstacle  x  intervenes,  a  point  y  is 
selected  on  one  tangent,  from  which  the  distance  yzto  the  other 
tangent  may  be  measured.  The  lengths  xy  and  xz  are  then 
found  by  solving  the  triangle  xyz. 

When  obstacles  prevent  all  the  points  from  being  set-out  from 
one  tangent  point,  the  theodohte  must  be  moved  to  the  last 
point  set-out,  having  the  last  angle  clamped  on  its  upper  plate. 
The  original  tangent  point  being  sighted  with  the  vemiei  clamped 
at  that  angle,  by  setting  it  oS  a  new  tangential  direction  is 
obtained.  By  revolving  th&  telescope,  the  tangent  is  produced 
in  the  other  direction,  from  which  tangential  angles  may  he  set- 
off to  fix  more  points  on  the  curve. 

For  example. — If  the  radius  of  the  circle  is  19  chains  or  1,264  feet, 
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and  the  distance  required  between  the  poiota  in  the  ciuve  100  feet, 
the  tangent  angle  to  be  eet-ofi  will  be 

1718-873  X  ^  =■  137-07  minutes  =  2°  17' 4". 

The  method  of  setting-out  curves  assumes  that  the  chord  of  an 
aiC  is  equal  to  the  arc  itsell  The  difference  does  not,  however, 
give  rise  to  sensible  error,* 

Cross-8ections.--When  each  curve  has  been  ranged,  stakes, 
branded  with  the  distance  from  the  beginning  of  the  line,  should 
be  driven  in. 

To  ascertain  the  amount  of  ezcavatioo  or  embankment  re- 
quired to  form  the  railway,  cross- sections  must  be  taken  at  each 
chain  length  at  right  angles  to  the  longitudlnal-aeotion.  The 
slope  at  which  it  is  desirable  to  form  a  cutting  or  embankment 
dqtends  on  the  nature  of  the  ground.  The  usual  slope  is  1  foot 
fall  in  1^  foot  horizontal,  or  expressed  by  the  ratio  of  slope  1}  to 
1.  Experience  shows  that  Aiy  Band  will  stand  at  an  angle  of 
36°,  dry  loose  shingle  at  39°,  and  damp  earth  at  54°. 

Driving  Levels  Undergroiind, — In  driving  levels,  it  is  usually 
necessary  that  a  certain  inclination  shall  be  maintained.  The- 
'  miner  must  consequently  be  provided  with  suitable  appliances  in 
order  to  enable  him  to  fulfil  the  required  conditions.  The  best 
gradient  is  1  in  120,  as  with  that  nse  from  the  shaft  the  work 
performed  in  drawing  the  full  load  out  is  equal  to  that  expended 
in  taking  the  empty  load  in. 

In  metal  mines,  if  the  level  has  to  be  driven  horizontal,  the 
easier  method  is  to  conduct  water  into  it.  A  dam  is  erected 
just  before  the  woTldng  end,  and  the  level  is  bo  driven  that 
the  water  always  maintains  the  same  height.  This  method  can, 
however,  only  be  applied  when  no  water  is  given  ofi  from  the 
rock  in  the  level,  as  with  the  slightest  influx  of  water,  the  surface 
is  disturbed  and  ceases  to  be  horizontal. 

The  inclination  of  the  level  may  be  checked  by  means  of  a 
plumb-bob.  The  instrument  usually  employed  (Fig.  135)  is  made 
of  deal  boards,  IJ  inches  thick.  The  foot-piece  is  fi  feet  in  length 
and  4^  inches  broad.    The  vertical  piece  is  3  feet  in  length,  and 

*  For  acooants  of  the  methods  ot  getting-out  onrreB  tn  cases  where 
extTeme  acouracy  is  reqaired,  the  student  may  conEolt  L.  D.  JaokKo's 
Aid*  to  SufMv  Practice,  London,  1880,  pp.  208-288 ;  J.  0.  Trantiriiie'i 
Field  Praetict  of  Laying  out  Circular  Ouroa  for  Bailroadf,  Neir  York, 
twelfth  edition.  1886  ;  W.  J.  M.  Buikine's  Civil  Engintering.  LouCon, 
twent^-Snt  edition,  1000. 
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6  inches  broad  at  the  lower  end,  tapering  npwaids  until,  at  the 
top,  it  is  4  inches  bioad.  In  addition  to  the  plummet,  theie  is  a 
small  Bjorit  level  fixed  to  the  foot-piece  to  serve  as  a  check.  The 
iostrumenti  is  placed  on  the  floor  of  the  level,  and  if  the  latter 
ie  being  driven  truly  horizontal,  the  plummet  will  hang  in  the 
hole  made  in  the  vertical  piece  foT  its  reception,  and  at  the  same 
time  the  babble  will  be  in  the  middle  of  itB  tube. 

The  main  horae-ioads  in  collieries  should  be  driven  with  a 
dight  inclination  towards  the  shaft,  so  that  water  may  flow  from 
the  workings  to  the  aump.  Experience  has  shown  that  an  inclin- 
ation of  1  in  ISO,  or  a  little  more  than  i  inch  in  the  yard,  gives 
the  most  advantageous  effect  in  drawing  by  horse-power  the 
loaded  waggons  towards  the  shaft,  and  the  empty  ones  back. 
Care  most;  be  taken  that  this  inclination  is  not  exceeded,  aa,  in 
driving  levels,  there  is  always  a  tendency  to  rise  too  fast.  For 
maintaining  the  required  inclination,  a  piece  of  board,  \  inch. 


Fig.  136. 


thick,  should  be  screwed  to  the  foot  at  the  end  of  the  instrument, 
which  is  nearer  the  shaft. 

In  order  to  test  the  inclination  of  an  unde^round  roadway 
with  an  inclination  of  1  in  6,  Mr.  W.  Wardle  uses  the  instan- 
ment  shown  in  Fig.  136.  It  is  provided  with  two  sole-ineces,  the 
bottom  of  the  lower  one  being  at  a  distance  of  1  foot  from  that 
of  the  upper  one  at  one  end,  whilst  at  the  other  end  it  is  brought 
to  a  featiier  edge. 

An  ingenious  clinometer,  invented  by  Colonel  G.  P.  Evelyn 
(patent  1885,  No.  1964),  may  be  advant^eously  used  for  setting 
out  levels  at  any  inclination.  It  coosiats  of  a  curved  tube  filled 
with  water  or  dilute  spirit,  on  which  floats  a  small  bubble  of 
compteaaed  air.  Adjacent  to  the  tube,  and  concentric  with  its 
outer  periphery,  is  the  graduated  arc  of  a  circle.  When  the  air- 
bnbble  is  at  toe  zero  point  of  that  arc,  the  base  of  the  stand,  in 
which  the  tube  is  mounted,  is  horizontal,  and  any  inclination 
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fnm  the  homontol  is  bIiowq  in  degrees  by  the  position  of  the 
bubUe  OD  the  graduated  axa.  The  tube  is  easily  filled  and 
emptied,  and  the  size  of  the  bubble  is  regulated  by  a  screw-cap 
fitting  over  the  cork. 

To  drive  a  level  strdght  at  a  given  bearii^,  plumb-lines  aie 
suspended  from  points  in  the  roof  previously  fixed  by  the  dial 
or  theodolite.  These  lines  indicate  the  direction  in  which  the 
level  has  to  be  driven,  and  should  be  placed  30  to  60  feet  apart 

Mr.  J.  B.  Jameson  has  devised  an  adjustable  ^rtable  instru- 
ment for  ranging  lines  underground.  It  consists  of  a  small 
bronzed  metal  plate  with  a  sight  vane  in  the  centre.  Above  thic 
is  a  swivel  open  triangle,  tlut  enables  the  j^ate  to  be  turned 


ng.i3a. 


in  any  direction  required ;  and  attached  to  it  IB  a  long  metal 
chain,  with  a  hook  at  the  end  for  hanging  to  the  roof.  The 
chain  works  through  a  small  adjusting  plate  so  that  the  sighting 
plate  can  be  raised  or  lowered  at  will.  The  inatiument,  which  is 
made  by  Mr.  A.  G.  Thornton,  of  Manchester,  weighs  6  ounces, 
and  is  used  in  conjunction  with  one  suspended  cord. 

Curves  tor  Engine  Planes. — Curves  may  be  set  out  under- 
ground by  means  of  a  theodolite  on  a  short  tnpod,  and  candles 
or  lamps  instead  of  ranging  pales. 

The  direction  in  which  curves  for  engine  planes  should  be  set 
out  is  sometimes  ascertained  by  making  a  careful  survey  and 
plan  of  the  pilars  and  headings,  through  which  it  b  required 


,.  Google 


asTTtNO-ODT.  347 

to  drive  the  curve.  The  survey  is  plotted  on  a  laige  scale — e.g. 
16  feet  to  an  incli.  The  curve  diavm  on  the  plan  is  divided  int< 
equal  distances  marked  by  points.  The  latter  are  then  con- 
nected by  dotted  lines.  By  means  of  a  protractor,  the  bearing 
of  each  of  these  lines  is  determined.  For  greater  accuracy,  ofE- 
sets  are  meuured  at  every  6  feet  on  each  side  of  the  lines  to  the 
tddes  of  the  curve.  In  this  way  data  are  obtained  from  which 
the  curve  may  be  set  out. 

Setliiig-out  Tunnels. — The  centre-line  of  the  tunnel  having  been 
ranged  on  the  surface  of  the  ground,  a  series  of  shafts  are  sunk 
from  100  to  200  yards  apart  along  that  line.  In  order  to  transfer 
the  ranging  of  the  line  from  above  to  below  the  surface  of  the 
ground,  it  is  necessary  to  have  two  marks,  conosting  of  nails 
driven  in  the  croBS-timbers  in  the  centre-line  at  the  bottom  cd 
each  shaft  as  far  apart  as  possible,  to  enable  the  line  to  be  pro- 
longed from  the  bottom  of  the  shaft  in  both  directions.  To 
determine  the  positions  of  the  marks  underground,  a  ninging- 
frame  is  erected  over  the  shaft.  It  con^sts  of  three  half-timbm 
framed  as  a  triangle  and  supported  at  the  angular  point 
by  stout  props.  From  the  frame  are  suspended  two  A 
plumb-lines,  which  are  ranged  by  a  tianrit-instrument. 

As  this  process  cannot  be  satisfactorily  used  except  in 
calm  weather,  Mr.  F.  W.  Simma  introduced  the  following 
modification : — By  means  of  the  transit-instrument,  the 
engineer  ranges  two  stakes  in  the  centre-line  at  the  sur- 
face, each  being  about  16  feet  from  the  centre  of  the  9^.  137. 
shaft,  so  as  to  be  safe  from  disturbance  while  the  work 
is  in  pn^rees.  To  mark  the  exact  porition  of  the  centre-line 
a  spike  (Fig.  13?)  ia  driven  into  the  top  of  each  stake.  The 
hole  of  each  spike  is  carefully  ranged  in  the  centre-line, ,  a 
piece  of  white  paper  being  held  at  a  short  distance  behind  it, 
W  as  to  render  it  virible  to  the  observer  at  the  telescope.  A 
string  is  stretched  centrally  across  the  mouth  of  the  shi^,  and 
its  ends  are  passed  through  the  holes  in  the  spikes.  It  is  then 
drawn  tight  and  made  fast.  At  each  side  of  the  shaft  a  plank 
is  fixed  at  right  angles  to  the  string,  and  so  placed  that  one  side 
hangs*over  the  sh^  about  3  inches,  so  that  a  plumb-line  may 
bang  from  it  without  coming  in  contact  with  the  side  of  the 
shaft.  A  plumb-line  being  hung  from  each  plank  directly  under 
the  cord  mwrlppg  the  centre-line,  the  lower  ends  of  these  plumb- 
lines  represent  two  points  in  the  centre-line  at  the  bottom  of  the 
ahaft. 

The  approximate  ranging  of  the  heading  connecting  the  lower 
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ends  of  the  sliafto  ia  efiected  by  means  of  caodles,  each  hung  from 
the  timbenng  in  a  sort  of  stinup.  The  upper  portion  of  the 
candle-holder  (Fig.  138)  employed  by  Mr.  Simms  is  nLEide  of  thin 
sheet-iron  with  a  number  of  holes  in  it.  The  lower  portion  is 
of  iron  ^^xe,  carrying  a  socket  for  the  candle.  By  means  of 
the  rack,  the  latter  can  be  raised  or  lowered  to  the  proper  level, 
and  being  hung  by  a  flat  plate,  it  is  prevented  from  rotating. 

The  accurate  ranging  of  the  centre-line,  when  the  heading  has 
been  made,  is  eflected  by  stFctching  a  string  between  the  marks 
already  ranged  at  the  bottom  of  the  shaft,  and  fixing,  at  intervals 
of  about  iO  feet,  either  small  perforated  blocks  of  wood  carried 
by  croBS-bars,  or  stakes  with  eyed-spikes  driven  into  their  heads, 
so  that  the  holes  may  be  ranged  by  the  string  exactly  in  the 
straight  line. 
This  method  was  employed  by  Mr.  Simms  for  setting-out  the 
Bletchingley  and  Saltwood  tunnels  on  the  South- 
Eastem  Railway.  Both  these  tunnels  were  straight 
from  end  to  end,  as  is  generally  the  case.  Their 
centre  lines  were  ranged  with  a  tranBit-instrument 
of  30  inches  focal  length  with  an  object-glass  of 
22  inches  aperture.  In  order  to  command  a  view 
of  every  shaft,  the  instrument,  mounted  on  a 
cast-iron  stand,  was  set  up  on  the  highest  point  of 
ground  as  near  the  middle  of  the  tunnel  as  possible, 
and  raised  above  the  surface  by  the  erection  of  a 
temporary  observatory.  This  consisted  of  a 
building  of  larch  poles,  in  the  centre  of  which 
Fig  138        was  a  brick  pier  30  feet  in  height  for  the  support 

of  the  instrument. 
When  the  length  of  the  tunnel  is  not  very  great,  the  transit- 
instiniment  and  temporary  olnervatory  may  be  dispensed  with, 
and  the  6-inch  or  G-isch  transit-theodolite  used  with  advantage. 
This  was  done  in  setting-out  the  Clifton  tunnel  in  1871  to  1874. 
This  tunnel  ia  straight,  on  an  incline  of  1  in  64.  It  is  1,737^  yards 
in  length.  At  a  distance  of  276  yards  from  the  lower  end  of  the 
tunnel,  where  it  approaches  to  within  140  feet  of  the  Blackrock 
Cliff,  a  side  drift  was  opened  from  the  face  of  that  cliS  to  the 
line  of  the  tunnel.  The  tunnel  was  driven  &om  this  drift,  and 
from  two  shafts  sunk  998}  yards  and  463  yards  farther  on. 

When  the  tunnels  are  of  great  length,  and  can  only  be  driven 
from  the  ends,  the  setting  out  is  much  moK  difficult  than  when 
shafts  can  be  sunk  along  the  line.  The  direction  of  the  axis  of 
the   tuimel  is  determined   by  a   tiavene  ox  a  triongulation 
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connecMDg  the  two  ends.  In  very  long  tiumela,  bucIi  as  thoee  of 
the  Alps,  tiaveiBing  is  not  sufficiently  acouiate,  and  lecoiuse  mnat 
be  had  to  tiiangulation,  as  was  the  case  at  St.  Gothard.  The 
St.  Gothard  tunnel,  one  of  the  loogest  railway  tunnels  made, 
is  9  miles  in  length.  Its  constiuction  lasted  from  September, 
1872,  to  February,  1880.  The  holing  was  efiected  on  February  28, 
1880,  the  length  being  25  feet  leas  than  was  expected.  The  error 
in  level  was  1-97  inches,  and  the  error  in  alignment  was  12-99 
inches  (Fig.  139). 

The  Mont  Cenia  tunnel  was  set  out  in  the  years  1857  to  1868, 
without  tri angulation,  with  the  aid  of  &  high  observatory.  The 
length  of  the  tunnel  was  determined^by  tri angulation,  and  the 
line  of  levels  was  carried  over  the  mountain.  The  tunnel  is 
upwards  of  6  miles  in  length,  and  the  junction  was  effected 
without  any  error  horizontally,  and  with  only  a  foot  of  divergence 
vertically. 

The  Sim|Jon  tunnel  was  completed  in  1905.  The  total 
distance  between  the  two  portals  is  21,564  yards  or  12-26  miles, 
and  the  junction  was  efiected  with  a  lateral  dive^ence  of  0-663 
foot,  and  a  difierence  in  level  of  0-286  foot.  The  altitude  of  the 
'  highest  point  is  2,314  feet,  being  1,474  feet  lower  than  that  oi 
the  St.  Gothard,  and  1,934  feet  lower  than  that  of  the  Mont 
Cenis.  The  gradient  on  the  northern  portion  of  the  tunnel  is 
1  in  600,  but  on  the  southern  portion  the  gradient  is  1  in  142. 
For  setting-out  t^e  tutmel  recourse  was  had  to  triangulfttion. 
The  network  of  triangles  comprised  11  points,  including  the 
two  terminal  points  of  the  tuimel.  The  highest  point  was  on 
Monte  Leone,  11,666  feet  above  sea  level,  and  the  lowest  at 
the  southern  portal,  2,076  feet.  The  signals  used  ha<>  to  be 
very  solidly  built.  They  consisted  of  bnck  pillars  with  cement 
mortar  with  an  iron  tube  inserted  in  the  axis  in  sach  a  way 
that  its  top  was  level  with  the  surface  of  the  pillar.  In  the  tube 
a  wooden  staS  was  placed,  and  over  its  top  a  conical  cap  of  sheet 
zinc  was  firmly  screwed  on  to  the  stone  pillar  with  four  iron 
bolts.  The  top  edge  of  the  tube,  the  point  of  the  staff,  and  the 
apex  of  the  cap  were  accurately  centred.  When  an  observation 
was  made,  the  zinc  cap  was  removed,  the  staff  tahen  out,  and 
the  levelling  screws  of  the  theodolite  were  placed  on  a  circle 
drawn  in  pencil  on  the  surface  of  the  pillar  concentrically  to  the 
tube.  As  a  check  each  signal  was  also  determined  by  three 
crosses  chiselled  in  the  rock  at  measured  distances  from  the  signal 
axis.  A  special  base  line  was  not  measured,  but  the  triai^les 
were  connected  with  a  side  of  the  esisting  Swiss  triangulatiop. 
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The  coinddence  of  the  hcadii^s  od  holing  is  afiected  not  ool; 
by  the  meamiiement  of  the  triangles,  but  also  by  the  setting- 
ont  of  the  direction  undeiground.  Special  piecautions  weie, 
therefore,  taken  to  ensnre  accuiscy.  In  the  direction  of  the 
tzis  of  the  tunnel  on  each  side  an  observatory  was  erected  from 
which  the  direction  was  tested  once  or  twice  a,  year  whilst  work 
in  the  tunnel  was  suspended.  At  first  it  was  easy  to  sight  into  the 
tunnel  from  the  observatory,  bnt  as  the  distance  driven  became 
greater  an  auxibary  instrument  had  to  be  employed.  Heavy 
tripods,  made  entirely  of  iion  with  centring  head,  were  used  for 
the  instrament  and  for  the  lamp  sighted.  The  latter  consists  of 
an  acetylene  burner  protected  by  a  semi-cylindrical  cover  polished 
inside  for  reflecting  the  lays  of  light,  and  provided  in  front  with 
an  adjustable  slit  for  sighting  at.  The  burner  is  connected  by 
ft  rubber  tube  with  the  generator  which  is  suspended  from  a 
hook  below  the  tripod  head. 

Remarkably  accurate  results  in  tunnel  alignment  were  obtained 
in  1888  in  the  Croton  aqueduct  at  New  York.  The  points  of 
eommencement  of  two  headings  were  6,400  feet  apart,  the  one 
beii^  270  feet  and  the  other  363  feet  below  the  surface.  The 
diameter  of  the  heading  was  16-5  feet.  The  direction  was  obtained 
by  means  of  two  plumb-lines,  16-5  feet  apart,  let  down  each  shaft. 
When  the  two  headings  approached  each  other,  the  final  con- 
nection was  made  by  two  drills  meeting  in  the  same  hole  from 
opposite  ffldea  of  the  rock,  and  after  the  blast  had  been  fired, 
it  was  found  that  the  error  in  grade  was  0-011  foot,  and  in  align- 
ment 0-09  foot. 

In  the  construction  of  Diviuon  No.  6  of  this  aqueduct,  Hr. 
F.  W.  Watkins,  the  engineer  in  cha^e,  found  that  the  centre- 
line wires  were  very  difficult  to  distinguish,  as  the  cross-hair  of 
the  telescope  and  the  two  j^ummet  lines  appear  so  nearly  alike. 
He  was,  therefore,  induced  to  devise  an  illuminated  sbb  ^P^'' 
atns  to  replace  the  wires  at  the  bottom  of  the  tunnel.  This 
instrument  consists  of  two  vertical  strips  of  brass  (3  inches  in 
height)  attached  to  separate  horizontal  bars  moving  in  guides, 
And  provided  with  a  tangent-screw  motion,  by  which  one  or  both 
could  be  moved  right  or  left  and  the  vertical  aperture  between 
them  made  as  small  as  desired.  One  of  these  instruments  was 
screwed  to  a  plank-bracket,  close  behind  each  plummet  wire,  and 
so  placed  that  the  farther  one  could  be  seen  through  the  tele- 
scope in  line  just  above  the  other  When  these  ^ts  were  ad- 
justed, so  as  to  be  directly  behind  the  plummet  wires,  the  latter 
were  removed,  and  lights  placed  behind  the  slits.    In  this  way 
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two  fixed  and  illuminated  points  were  substituted  for  the  wiiea. 
The  resulta  of  testa  of  the  alignment  efiected  in  this  way  show 
that  the  accuracy  of  the  surreys  was  vety  remarkable. 

Taking  crosa-sectiona  for  measunng  the  areas  and  quantities 
of  excavation  in  tunnel  work  is  b^  done  by  measuring  the 
irregularities  of  the  contour  of  the  section  by  angles  and  difl< 
tanoee  from  some  point  in  the  vertical  plane  through  the  axis  of 
the  tunnel.  For  the  Croton  aqueduct  tunnel,  where  sections 
had  to  be  made  every  10  feet  for  over  30  miles  of  tunnel,  a  con- 
vement  insttument  was  designed  by  Mr.  A.  Craven.  This  instru- 
ment, known  from  its  yellow  disc  of  varnished  wood  as  the  sun* 
flower  instrument,  consists  of  a  light  wooden  tripod  with  extensible 
legs,  a  Bhifti'ng  top,  ball  and  socket  joint,  and  levelling  screws. 
A  vertical  brass  tube  slides  through  the  socket,  and  carries  at 
its  top  a  wooden  graduated  disc,  18  inches  in  diameter.  An  arm 
revolving  on  a  central  socket  traverses  the  face  of  the  disc,  and 
a  wooden  measuring  rod,  14  feet  in  length,  is  placed  on  this 
arm,  and  slid  out  to  touch  the  surface  of  the  tunnel,  the  end 
of  the  arm  at  the  same  time  indicating  the  angle  from  the 
vertical.  The  measuring  rod  tapers  from  2  inches  to  \  inch  in 
width,  and  is  graduatted  in  feet  and  tenths  from  the  smaller  end. 
In  order  to  ensure  the  cross-sectiDn  being  taken  at  right  angles 
to  the  axis  of  the  tunnel,  the  disc  is  provided  with  a  small  sighting 
tube  perpendicular  to  its  face.  The  measurements  are  recorded 
in  the  £eld-book,  and  the  areas  of  the  cross-sections  are  deter- 
mined by  calculation,  or  by  the  planimeter. 

When  the  difficulties  of  the  task  are  duly  considered,  it  is 
probable  that  the  accuracy  of  the  work  ut  the  Hoosac  tunnel  has 
never  been  equalled.  This  tunnel  passes  through  the  Hoosac 
Mountain  range  in  Massachusettfi,  and  is  25,031  feet  in  length. 
The  tunnel  was  driven  from  the  two  ends,  and  also  from  a  shaft 
1,028  feet  deep,  sunk  in  the  valley  between  two  mountains  in 
the  line  of  the  tunnel.  On  the  east  side,  the  headings  met  at  a 
distance  of  1,563  feet  from  the  shaft,  and  11,274  feet  from  the 
eastern  end,  the  lateral  error  being  0-025  foot  and  the  vertical 
error  being  0-23  foot  at  the  point  of  junction.  Proceeding  west- 
ward, the  tunnel  extended  2,056  feet  from  the  shaft  before 
meeting  the  excavation  on  the  western  side,  which  was  10,138  feet 
from  the  west  entrance.  The  holing  showed  that  the  error  of 
alignment  was  0-045  foot.  The  alignment  in  the  oentnl  shaft 
was  obtained  by  two  plumb-bobs  25  feet  apart. 

Curiously  enough,  the  oldest  piece  of  tunnelling  of  which  there 
is  any  written  record  was  b^un  at  the  two  ends,  its  constri^ctioii 
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being  recorded  in  the  oldest  example  of  Hebrew  writing 
known.  The  inscription,  now  known  as  the  Siloam  inscription, 
was  discovered  by  some  boys  bathing  in  the  Poo!  of  Siloam,  in 
Jerusalem,  in  1880.  It  is  cut  on  a  tablet  27  inchea  square  at 
the  mouth  of  the  tunnel,  and,  according  to  the  translation  of 
Professor  Sayce,  reads  as  follows : — 

"  [Behold]  the  excavation !  Now  this  ia  the  atory  of  the 
tunnel :  While  the  mineis  were  still  lifting  up  the  pick  tow'ards 
each  other,  and  while  there  were  yet  3  «ubita  [to  be  broken], 
the  voice  of  one  called  to  hie  neighbour,  for  there  was  an  excess 
in  the  rook  on  the  right.  They  rose  up — they  struck  on  the 
west  of  the  tunnel ;  the  miners  struck  each  to  meet  the  other 
pick  to  pick.  And  there  flowed  the  waters  from  their  outlet  to 
the  Pool  for  1,200  cubits,  and  [three-quarters]  of  a  cubit  was  the 
height  of  the  rocks  over  the  heads  of  tiie  miners." 

From  this  inscription,  it  is  evident  that  the  tunnel  was  b^un 
from  the  two  ends.  And  this  view  is  confirmed  by  the  results 
of  recent  explorations.  The  Pool  of  Siloam  is  supplied  with 
water  from  the  so-called  Spring  of  the  Virgin,  the  only  natural 
spring  near  Jerusalem,  by  this  tunnel  driven  in  the  rock. 
According  to  Colonel  Conder's  survey,  the  tunnel  is  1,708  feet 
long,  or  about  1,200  cubits  of  18  inches.  It  does  not,  however, 
run  in  a  straight,  line,  and  towards  the  centre  there  are  two 
culs-de-eac,  of  which  the  inscription  offers  an  explanation.  We 
thus  see  that  the  engineering  ^11  of  the  day  was  by  no  means 
despicable.  Xike  the  Mont  Cenis  tunnel,  this  aqueduct  was 
begun  simultaneously  at  the  two  ends,  and  in  spite  of  its  wind- 
ings the  workmen  inmost  succeeded  in  meeting  at  the  middle. 
T^y  approached,  indeed,  so  nearly  to  one  another  that  the  noise  . 
made  by  the  picks  of  one  party  of  miners  was  heard  by  the 
other,  and  the  parting  of  rock  was  accordingly  holed.  This 
accounts  for  the  two  false  cuttings  now  found  at  the  centre  of 
the  tunnel,  these  representing  the  extreme  points  reached  by 
the  two  parties  before  they  had  discovered  that  instead  of  meeting 
they  were  pasEdng  one  another. 

Though  the  inscription  contains  no  indicatioD  of  date, 
Professor  Sayce  is  of  opinion  that  the  tunnel  was  nude 
in  the  reign  of  Hezekiab,  or  possibly  even  in  the  time  of 
Bolomon. 

With  regard  to  the  interpretation  of  the  last  line  of  the  inscrip- 
tion that  "  three- quarters  of  a  cubit  was  the  height  of  the  rock 
over  the  heads  of  the  miners,"  it  is  remarkable  that  the  difference 
of  height  of  the  two  channels  at  the  point  of  junction  is  just 
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13  inches,  or  close  upon  thiee'C[uarters  of  a  cubit.  Unfortunately, 
kowever,  the  text  is  deficient  just  in  the  place  where  the  number 
occuis,  and  it  may  possibly  indicate  that  the  minera  knew  the 
thickness  of  the  rock  above  them.  In  this  case,  the  correct 
interpretation  is  probably  100  cubits,  the  average  thickness  of 
lock  above  the  aqueduct.  Several  maike,  evidently  artificial, 
were  discovered  by  Colonel  Conder  in  the  tunnel — square  or 
triangular  notches,  measuring  1^  inches  in  width.  These  appear 
to  bmt  been  used,  like  the  peg  and  nail  of  the  Cornish  miner, 
to  mark  the  end  of  a  periodical  survey,  or  else  to  serve  as  a  guide 
in  setting  the  contracts  to  the  miner. 

It  is  certainly  remarkable  that  there  should  have  been  so  slight 
a  difference  in  level  between  the  two  portions  of  the  tunnel. 
It  would  have  been  easy,  by  means  of  a  plumb-line  or  a  rude 
water-level,  to  preserve  the  level  of  the  channel  floor ;  but  it  is 
extraordinary  that  the  two  ends  should  difier  by  only  a  foot  in 
level,  conmdering  that  they  were  started  independentiy. 

In  New  South  Wales,  a  very  successful  alignment  was  effected 
by  Mr.  T.  W.  Eeele "'  in  the  construction  of  the  Ifepean  tunnel, 
a  conduit  for  supplying  Sydney  with  water.  The  tunnel  is 
23,607  feet  long,  the  bases  at  the  east  and  west  ends  being  254  feet 
and  212  feet  respectively,  situated  at  the  bottoms  of  precipitous 
limestone  goiges.  There  were  six  shafts,  admitting  of  only  12-foot 
bases,  the  depths  varying  from  210-5  feet  to  324  feet.  The  length 
between  shafts  Kos.  2  and  3  was  4,341  feet,  the  headings  meeting 
at  a  point  3,018  feet  from  shaft  No.  2.  The  error  in  alignment 
was  I  inch,  and  in  grade  ^  inch.  The  tunnel  is  7^  feet  high  and 
9(  feet  wide,  and  is  inclined  at  the  rate  of  2}  feet  per  mile. 

The  line  was  transferred  from  the  surface  to  the  bottom  of 
'  the  shafts  by  plumbing.  At  the  shafts  brick  pedestals  were 
erected,  one  on  each  sidb,  on  the  centre  line,  and  about  60  feet 
apart,  the  tops  being  a  foot  above  the  shaft  platform.  Points 
were  then  accurately  established  on  each,  and  a  steel  wire, 
0-02  inch  in  diameter,  strained  at  its  utmost  tension  from  point 
to  point  across  the  shaft.  The  process  of  plumbing  down  the 
shaft  was  then  proceeded  with.  An  8-inch  transit  theodolite  on 
its  centring  legs  was  then  set  up  in  one  of  the  headings,  and  the 
intersection  of  its  cross-wires  brought  into  coincidence  with  the 
line  as  given  by  the  plnmmets.  After  the  instrument  had  been 
adjusted  to  prolong  llie  line  into  the  heading,  a  hole  was  drilled 
in  the  roof  and  a  wooden  plug  inserted ;  and  on  this  the  point 
was  obtained  by  sighting  on  to  a  plummet  lamp,  of  the  type 
•  JfiK.  Proe.  Intl.  C.E.,  toL  xoii.,  1888,  p.  209. 
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osed  in  Pennsylvania,  suspended  from  it.  In  order  to  give  the 
levels  in  the  tunnel,  the  value  of  a  bench-maik  at  the  bottom  of 
a  shaft  was  ascertained  by  measuring  the  calculated  distance 
from  the  surface  with  a  steel  tape ;  and  the  levels  were  run 
into  the  headings.  At  intervals  of  1(X>  feet,  hooks  in  pegs  in  the 
sides  of  the  tunnel,  and  opposite  to  each  other  at  right  angles  to 
the  line,  were  so  adjusted  that  strings  stretched  through  them 
wer«  exactly  2f  feet  above  the  grade.  The  plummet  lamps, 
hanging  from  the  centre-pegs  in  the  roof,  being  then  lowered 
until  their  lights  were  even  with  the  horizontal  strings,  the  axis 
of  the  tunnel  waa  determined,  and  the  miners  were  provided 
with  both  line  and  grade.  All  that  they  required  to  do  was 
to  place  a  candle  at  the  face  in  line  with  the  lights  from  the 
|dummet  lamps,  and  measure  down  2  feet  9  inohes  to  find  the 
grade  of  the  invert.  Benchmarks  were  established  at  intervals 
of  500  feet,  and  were  frequently  checked. 

The  lengths  of  the  headings  and  the  results  of  the  alignment, 
when  the  junctions  were  effected,  were  aa  follows : — 


XrroT  In  In<iliM. 

Id  Line 

iDGnide. 

Inlet. 
No.  6,  Wert. 

206401 
15132f 

3 

A 

No.  S,  Etat. 
No.  4,  West. 

935-01 
1970-0  f 

3 

Na 

No.  4,  Eaet. 
A,  West. 

2468-01 
,425-0  J 

A 

A,  East. 

No.  3,  West. 

496-01 
1369-0/ 

i 

No.  3,  East. 
No.  2,  Wflflt. 

1323-41 
3018-0/ 

i 

No.  2,  Eaat. 
No.  1,  West. 

238501 

22800 ; 

i 

Ho.  1.  East. 
Outtet. 

1128-Sl 
21480/ 

H 

iV 

After  the  tunnel  had  been  pierced  through,  daylight  at  one 
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end  was  distinctly  seec,  without  the  aid  of  a  telescope,  from  the 
other,  4|  miles  away.* 

*  On  tunnelling,  ooniall  F.  W.  Simmt'  PrMtieal  TuKntUnig,  3Td  ed., 
rerised  by  D.  K.  CUrk,  London,  18TT ;  H.  S.  DrinkBr,  TtmntUing,  N«w 
York,  1878;  F.  Rziha,  Lehrbuch  dtr  gaamnUai  Ttautdbauhnut,  S  toIb., 
Berlin,  1867-72,  wiUi  the  anthoritiea  thera  oitad;  and  F.  W.  Watkhu,  on 
"  Tannel  Snrreying  on  the  New  Croton  Aqnednct,"  Trant.  Anux.  Soe. 
O.E.,  vol.  x.-dii.,  ISOO,  p.  17.  Valnable  inFomiatirai  on  the  «etting-ovt  of 
tnnnelH  <m  the  Dore  and  Chinley  Line  of  the  Midland  Railway  ii  given 
\i3  P.  RiokBid,  Jfin.  Proc.  ItuU  O.E.,  *ol.  czTi.,  18S4,  p.  116. 
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Detonninaaon  of  ii»  IHrHtioii  and  locltaiatloii  ol  a  Wnwal 
DapOsiL — Froblems  lelating  to  the  working  of  minea  nuj'  be 
wdved  giapluoally  or  numerically.  Graphic  BolationB  are  the 
most  Bimple,  but  the  accuracy  of  the  reisulte  is  dependent  on 
that  of  the  plana  on  which  they  are  baaed.  Moat  ptoblemB  are 
therefore  moie  conveiuently  solved  by  the  ordinary  methoda  of 
-  desciiptivB  geometry. 

To  determine  the  strike  and  dip  of  a  vein  that  has  been  opened 
by  a  level  driven  along  it,  a  simple  method  is  to  select  two  points 
ia  the  axis  of  the  level,  either  on  the  floor  or  on  the  roof.  At 
these  two  points  two  vertical  props  are  set  up,  when  the  bearing 
of  a  horizontal  string  connecting  the  two  props  will  be  the  strike 
td  the  vein.  Instead  of  the  stretched  stnng,  a  rod  may  be  held 
horizontally. 

The  strike  being  determined,  the  direction  of  the  dip  may  be 
determined  by  setting  ofi  a  line  at  right  angles  to  the  strike. 
The  dip  may  be  measured  with  a  clinometer. 

A  convenient  instrument  for  determining  the  dip  of  mineral 
deposits  is  the  so-called  gradomeleT,  invented  by  Mr.  W.  Fturley. 
It  consists  essentially  of  a  9-inoh  or  4-inch  scale  made  to  move  up 
and  down  a  vertical  bar.  When  the  lower  edge  of  the  scale  is 
placed  on  the  fdaae  of  which  the  dip  is  to  be  determined,  and  is 
shown  to  be  level  by  the  spirit-level  on  the  upper  edge,  the  plane 
is  horizontal.  When  the  plane  is  inclined,  a  slide,  like  that  of 
the  alide-mle,  marked  on  one  aide  in  d^rees  and  on  the  other  in 
inches  per  yard,  is  taken  out  and  passed  through  a  slit  at  right 
angles  to  the  longitudinal  oxia  of  the  scale.  For  measuring  dips 
above  46°,  a  second  slide  is  prarided.  The  gradometer  ia  of  less 
weight  than  a  dinomater  of  the  same  length,  and  can  be  read 
with  greater  iadiity. 

If  the  strike  of  a  deposit  ia  known,  its  dip  may  be  calculated. 
Thus  if  A  line  A  E,  Fig.  110,  is  drawn  on  the  plane  of  the  deposit 
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A  B  C  D,  luid  it  through  the  pmnt  A  a  horizontal  plane  A  P 
panes,  then  AB,  the  Hoe  of  intersection  of  the  two  planes,  is 
the  line  of  strike  of  the  deposit.  From  any  point  G  on  the  inclined 
line  A  E,  let  fall  a  perpendioular  G  E  to  the  horiBontal  piano 
A  F,  and  in  the  latter  diaw  a  hoiiEootal  line  A  J,  which  is  the 
line  of  strike  of  the  inclined  line  AE!  The  horizontal  angle 
B  A  J  is  the  difference  in  bearing  between  the  line  of  strike  of  the 
deposit  and  that  of  the  iadioed  line  ;  whilst  the  angle  0  A  H 
in  the  vertical. jdane  EAJ  represents  the  dip  of  the  inclined 
line  A  E.  Let  fall  in  the  horizontal  plane  A  F  from  the  ^nt  H 
a  perpendicular  line  H  E  to  the  line  of  strike  A  B,  and  join  G  E. 
Then  O  K  is  the  line  of  dip  of  the  depodt  A  B  C  D,  and  the  angle 
G  E  H  in  the  vertical  plane  G  H  K  tepresenta  tfie  angle  of  the 
dip  of  the  deposit. 
IE  the  strike  A  B  (^  the  deposit  is  expressed  by  c,  and  the  angle 


B  A  J  =  «,  and  the  strike  of  the  inclined  line  =  a,  thene=:c  —a. 
In  the  right-angled  plane  triangles  A  G  H  and  A  H  E, 

6  H  =  A  a  sin  &,  and 
HE=iAQco8bBine. 

Then  from  the  triangle  G  H  E,  the  value  of  the  required  angle 
of  dip  may  be  found  from  the  formula — 

X     rtiro      GH  AG  sin  6  t»n5 

tan  Q  E  H  =  ^^  =  -T-?i i — ^ —  =  -= — 

HE      AGcoa6.ain«      ame 

Conversely  if  the  angle  of  dip  d  is  known,  the  strike  may  be 
found  from  the  formula  ain  e  =  tan  b .  cotan  d. 

For  example. — 1.  What  is  the  dip  of  a  seam  oouising  127°  30', 
if  a  diagonal  heading  driven  in  the  seam  has  a  dip  of  4% 
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and  counes    90°    or    due    east    and  west?     The  angle  e  ie 
■   =  127°  30'  —  90°  00'  =  37°  SC.    The  dip  d  is  then  tound  from 
the  equation 

^      ,  tan  t° 

'""'-arsT'ao'- 

Employing  logarithms,  this  gives 


Thus  d  =  6° ; 

2.  Example. — Determine  the  strike  of  a  seam  dipfun^  8"  in 
which  a  diagonal  heading  is  driven,  dipping  5°  and  couismg  60°. 
In  this  case 

tan  5° 


Employing  jlogarithms,  this  gives 


L  rin  «    :=  9'704U93 

Therefore  e  =  38°  SO*. 

The  strike  e  required  is  found  fiom  the  equation  e  =  e  +  a, 
thus 

c  =  38°  30'  4-  60°  00'  *=  98°  30'. 

The  strike  and  dip  of  a  seam  may  be  determined  if  three  points 
in  it  are  given.  Thus  if  three  bore-holes,  not  in  a  straight  line, 
have  been  sunk  to  the  floor  of  a  seam,  as  shown  in  the  plan. 
Fig.  lil,  HUT,  the  problem  is  solved  as  follows  : — ^Measure  the 
depths  of  the  three  bore-holes  from  the  same  assumed  horizontal 
plane  at  the  surface.  In  this  case,  T  represents  the  deepest, 
and  H  the  highest  point  of  the  deposit.  Imagine  perpendiculara 
to  be  erected  to  H  M  at  the  points  H  and  M,  and  on  them  laid 
off  the  heights  H  H'  and  M  U',  representing  the  heights  that  the 
floor  of  the  seam  at  the  boie-holes  H  and  M  is  above  the  floor 
at  the  bore-hole  (T.  In  this  way,  H'M'  represents  the  line  of 
inolinatdon  of  the  seam  between  H  and  M.  That  line  is  produced 
until  it  cuts  the  line  H  U  produced  at  N.  Thus  a  point  in  the 
Beam  is  determined,  which  is  «tuated  at  the  same  level  as  the 
bottom  of  the  bore-hole  T,  and  T  N  is  the  line  of  strike  of  the  warn. 
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The  line  H  N  is  found  from  the  similar  right-angled  triangles 
H  H'  N  and  U  M'  N,  to  be  equal  to 

HH'.HM  _        _     |,j 

From  the  bore-holes,  the  strike  of  H  T  and  the  angle  N  H  T  aie 
known,  and  as  B.N  ia  found  from  equation  1,  in  the  triai^le 
H  N  T  there  are  two  aides  and  the  included  angle  known,  con- 
sequently 

H  N  +  H  T :  H  N  -  H  T  =  tan  J  (T  +  N) :  tan  J  (T  -  N).   (2) 

From  this,  the  angles  T  and  N  are  found,  as  half  their  sum  is 
known.  From  the  given  strike  H  T  and  the  angle  T,  the  strike 
of  the  line  T  N  may  be  deduced. 

In  order  to  determine  the  dip  of  the  deposit,  imagine  a  line 
H  0  drawn  from  H  perpendicular  to  the  line  of  strike  T  N,  then 

in  the  right-angled  triangle  HOT,  g^  =  sin  T,  whence  it 
follows  that  H  0  =  H  T  sin  T.  ^  ^ 

At  the  point  H  erect  a  line  perpendicular  to  H  0,  and  along 
it  lay  o9  the  height  H  F,  being  the  height  which  the  floor  of  the 
seam  in  the  bore-hole  H  is  above  that  in  the  bore-hole  T.  Then 
the  line  obtained  0  P  is  the  true  line  of  dip,  and  the  angle 
H  0  F  represents  the  angle  of  dip  of  the  deposit.     Thus  tan 

H  0  P  =  ^^,  or,  by  substitution,  tan  H  0  F  =  „_  .    ^i' 

Expressed  by  general  formulee. 


a  — -^  cos  W 

in  which  8  is  the  angle  of  dip  of  the  bed,  V  the  ai^le  between  the 
strike  of  the  bed  and  M  H,  a  the  distance  from  M  to  H,  a'  the 
distance  from  U  to  T,  W  the  angle  in  a  horizontal  plane  between 
M  H  and  M  T,  d  the  diSerenoe  of  the  depths  of  the  bore-holes  M 
and  H,  and  d'  the  difierence  of  the  depths  of  M  and  T. 

For  eawmpfe.— In  Fig.  141,  H  T  =  150  yards,  H  M  =  112  yards, 
and  M  T  =  100  yards,  measured  horieontally.  The  angle 
H  H  T  =  41°  48'  37".    T  is  the  deepest  bore-hole,  and  the  floor 
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of  the  aeiuQ  tn  the  boie-hole  M  is  32  yards,  and  in  the  bore-hole 
H  73  yards  higher  than  in  the  bore-hole  T.    It  is  rajuired  to 
detennjoe  the  atrike  and  dip  of  the  seam,  when  T  H  courses 
172°  30". 
From  the  first  equation  given, 

HN-^^H:^- 19941  ,»id^ 

Now,  T  +  N  =  180°  -  41°  48'  37"  =  138°  11'  23",  and  half 
T  +  N  =  69°  5'  41-5".    From  the  second  equation 

.     T-N      199-41-150    .      CO.  ..,,.„ 
'™T-=19f4r+T60- '»■■«»  =  "■' 

= urn*""'' ''*'■'" 

From  this,  halt  T  —  N  is  found  by  It^aiithms  to  be  20°  18'  55". 
Half  T  +  N  being  69"  5'  41-5",  T  is  equal  to  89°  24'  36-5",  and 
N  is  equal  to  48°  46'  46-5". 

As  the  strike  of  T  H  is  172°  30',  and  as  T  N  lies  to  th^  right 
of  T  H,  the  strike  of  the  latter  ia 

{172°  30'  +  89°  24'  36-5")  -  180°  =  81°  54'  36-5". 

The  angle  of  dip  H'O  F  is  found  from  the  equation 

73 


tanHOP  = 


15b.  sin 89° 24' 36-6" 


By  the  ud  of  logarithms,  the  angle  H  0  P  is  found  to  be  25° 
57'  7". 

The  strike  of  the  seam,  as  found  above,  can  be  set  out  at  the 
surface  in  the  usual  way. 

DetermlDstlon  of  a  Point  at  the  Surface  directly  above  one 
Underground. — If  it  is  required  to  determine  the  position  of  the 
end  of  a  level,  it  will  be  found  advisable  to  calculate  it  trigono- 
Qietrically  instead  of  by  plotting  the  traverse  at  the  surface. 
•  The  rectangular  co-ordinates  of  the  unde^iound-survey  ore 
calculated,  and  the  distance  and  bearing  of  the  end  from  the 
shaft  found  from  the  formulee  : 

,,  departure        , 

»nofbeanng  =  -[jgjjj^.  and 

distance  =  latitude  X  sec  of 
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For  eeafflple. — In  order  to  calculate  tlie  bearing  and  distance 
of  the  end  of  the  level  from  the  centre  of  the  shaft  in  the  survey 
of  the  Work  and  Rest  mine,  the  record  of  which  is  given  on  p.  87, 
the  latitudes  and  departures  must  first  be  calculated,  with  the 
{(lowing  reaulta :— 


WORK  AND  REST  MINE. 

REDUCED  SURVEY  NOTES. 

X.Tm.».. 

»,„„„    1 

N. 

B. 

E. 

w. 

Pwt. 

74-50 

N.,  CWW. 

74-40 

0-32 

S2-83 

N.  ll^OO'W. 

20-03 

(! 

63-00 

N.  27°  39'  W. 

65-80 

29  23 

I> 

30-ia 

N.  84°  57'  W. 

2-65 

3004 

K 

23-73 

8.  74°  08' W. 

22-84 

192-00 

177-70 

i; 

96-50 

N.88"00'W. 

3-36 

96-44 

H 

34-00 

8.  84°  06' W. 

3-49 

33-82 

J 

23-75 

S.  62°00'W. 

u-e2 

1871 

289-37 

24-81 

429-13 

The  total  latitude  is  289-37  ~  24-61  =  264-76  feet,  and  the  total 
departure  is  429-13  feet.  The  distance  from  the  shaft  to  the 
station-point  J  at  the  end  of  the  level  is  found  from  the  fonnulse : 
429-I3 
~  264-76' 
distance  =  264-76  sec  of  hearing. 
The  calcnlationB  are  performed  most  quickly  by  means  of  loga- 
rithms, thns — 


,  and 


-  0-209736  ^  L  tan  58°  20' 
10-2798601 
2-4228G2 


12-7027121  -  10  =  bg  504-32 
To  determine  the  position  of  the  point  at  the  surface  correspond- 
log  to  the  end  unde^round,  ii  is  merely  necessary  to  set-out 
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from  the  shaft  ft  horizontal  dietance  of  601-32  feet  at  a  bearing  of 

N.  ss-'ao'w. 

This  problem  is  of  great  importance  for  the  determination  of 
the  position  of  the  nnderground  workings  in  reference  to  the 
boundaries  of  the  concession  or  royalty. 

HoBng  fmn  one  Excavation  to  another. — The  uaual  problem 
lelative  to  holing  consiHtB  in  determimng  the  length  and  direction 
of  the  axis  of  a  gallery  joining  two  given  points.  The  problem 
may  be  solved  graphically  or  numerically.  In  the  former  case 
the  plana  employed  must  be  rigorously  exact.  In  the  numerical 
method,  the  length  and  bearing  are  deduced  from  the  co-ordinates 
of  the  end  points. 

For  examj>le.  —  In  the  survey  between  the  Speedwell  and 
Netherthorpe  shafts  at  Staveley,  of  which  the  record  is,  given  on 

L164,  the  latitudes  and  departures  of  the  15  drafts  underground 
m  the  Speedwell  downcast  shaft  to  the  face  of  the  inain  ven- 
tilating draft,  intended  to  hole  into  Netherthorpe  shaft,  were 
calculated  with  the  following  results : — 


EEDUCED  8UBVEY  NOTES. 

LirmiDi. 

Dkparhiri. 

Ho. 

BmiIiis. 

iHiUiKw. 

S. 

s. 

X. 

W. 

Llnki. 

A 

N.  34°  24'  W. 

m 

11-14 

7-83 

B 

N.  58=  36'  E. 

639 

33308 

646-32 

C 

N.4S''4rE. 

274 

191-42 

196-04 

D 

N.  37"  29'  E. 

130 

10316 

79-11 

N.    8°40'W. 

187 

125-55 

19-13 

F 

N.  16'>02'E. 

406 

39114 

105-06 

G 

H.lTaVE. 

206 

196-07 

63-48 

H 

N.  11°  36'  E. 

158 

164-78 

31-72 

J 

N.36''3TW. 

73 

59-34 

42-61 

K 

N.  le-  20'  E. 

260 

248-80' 

81 '73 

L 

N.  18"  14'  E. 

470 

446-40 

147-05 

M 

N.  69"  42'  E. 

3B4 

133-22 

360-16 

N 

8.  27"  46'  E. 

63 

66-75 

29-33 

0 

N.  69-32' E. 

73 

26-63 

68-39 

P 

}i.W6TE. 

78 

24-17 

74-16 

2441-69 

66-75 

1781-68 

69-87 

,  The  total  latitude  amounts  to  2441-69  —  66-76  =  2385-94  links, 
and  the  total  departure  1781-68  —  69-27  =  1712-31  links. 
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The  direct  beariiu;  and  distance  measured  at  the  surface  from 
the  Speedwell  downcaBt  shaft  to  centre  of  Netherthorpe  shaft, 
intended  upcast,  were  N.  37°  02'  £.,  3113  links,  representing 
2485-06  links  north  latitude,  and  1874-89  links  cast  departure. 

The  positions  from  Speedwell  shaft,  in  terms  of  latitude  and 
departuie,  were  consequently  as  follows : — 


W.  Litttude. 

B.Deputur«. 

Netlwrthorpeshfttt,       . 

.     2486-06 

1874-90 

1712-31 

Now,  tan  of  bearing  =  departure  -t-  latitude,  and  distance  = 
latitude  X  sec  of  beting,  therefore  the  distance  to  be  hded  i 
found  as  follows : — 


L  tan  of  bewing  =  10  +  0-2H932 
The  bearing  is  therefore  N.  58°  38'  B. 

loglataade     =  log  99-12  >-  1-998161 

L  gea  08°  38'  =■  10-283668 


logdisUooe  B  12-27972a-10 

The  distance  is  therefore  190-43  links. 

Having  thus  calculated  the  bearing  and  horizontal  distance 
from  the  face  of  the  heading  to  the  intended  upcast  shaft,  Mr. 
Howard  determined  to  drive  direct  into  the  shaft,  and  the  drift 
was  accordingly  set-out  at  the  calculated  bearing  and  distance. 
His  survey  and  calculations  were  proved  by  the  holing  to  be 
absolutely  coired). 

If  it  is  required  to  determine  the  inclination  and  distance  of 
the  axis  of  the  heading  uniting  the  two  given  points,  and  the 
co-ordinates  of  those  two  points  referred  to  three  axes  of 
rectaiM!ular  co-ordinates  are  a;  y  a  and  x'  y'  /  respectively,  the 
distance  d,  the  bearing  fi,  and  the  inclination  a,  may  be  found 
from  the  formulte — 

d^V(x-  X')*  +  (y-  yr  +  («  -  ay 
.      a  x~x' 


-  ^{X  -  »-)'  +  (»  -  sT  +  (S  -  2-)' 
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Attention  must  be  paid  to  the  BignB  of  the  co-OTdinatee,  which 
always  indicate  the  position  in  space  of  the  axia  conHidered. 

A  remarkable  example  of  succeSBful  holing  is  afiorded  by  the 
Emst-AuguBt  adit  level  in  the  Earz.  This  great  adit,  one  of  the 
longest  in  the  woild,  was  commenced  in  1850  and  completed  on 
22nd  July,  1864  ;  it  has  a  total  length  of  26,956  metres.  It  was 
driven  from  the  bearings  and  distances  calculated  fiom  the 
results  of  a  survey  made  with  extreme  accuracy  by  means  of 
the  theodolite  and  spirit-level  from  a  number  of  points.  The 
results  of  the  holings  were  as  follows : — 

EHNST-ADGUST  ADIT  LEVEL. 


EBRoao 

Holrea 

Lengtli 

Snrrejed. 

InDlMctloB 

tuLenl. 

Fathoiui 

Inihet 

Inditt. 

310 

0  2 

016 

2.  Holing  between  the  mouth  of  the 

ftdit  &t  Oittelde,  and  the  FahleD- 

berg  shaft 

880 

0-3 

0« 

3.  Holing  between  the  Meding  shaft 
and  the  George  shaft, 

,  2,700 

1-6 

0-40 

4.  Holing  between  the  Hiilte  GotUs 

shaft  and  the  mouth. 

2,760 

1-0 

0-23 

6.  Holing  between  the  George  shaft 

1,580 

0-00 

■haft  and  the  Hulfe  Qotte«  shift. 

1.4S0 

014 

7.  Holing   between    the   Sohreibfeld 
■haft   and   the   Haus   Saohsen 

■haft 

1,890 

0-37 

8.  Holing  between  the  Heding  shaft 

•nd  the  Emst-August  shaft,     . 

9.  Holing  between  the  Emst-Augnst 

shaft   and   the   Hans   Saohsen 

3,960 

0-09     ■ 

shaft 

1,190 

0-7 

006 

To  drive  a  tunnel  through  a  hill,  the  line  of  the  tunnel  is  set 
out  over  the  hill,  and  carefully  levelled  from  the  commencement 
at  the  foot  of  the  hill.  When  it  is  thought  that  the  level  of  the 
starting-point  has  been  reached,  or,  in  other  words,  when  the  rises 
are  equal  to  the  falls,  an  assumed  mark  is  placed,  and  the  levels 
accurately  calculated  The  assumed  mark  is  then  moved  up  or 
down  the  height  by  which  the  Dsea  and  falls  differ,  to  give  the 
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exact  poaition  of  the  floor  of  the  tunnel  on  the  farthei  side  of 
the  hill. 

If  the  levelling  is  efEeoted  hj  the  theodolite  instead  of  by  the 
spirit  level,  the  total  of  the  calculated  bases  of  the  various  drafts 
gives  the  length  of  the  tunnel. 

SlBktng  Shafts  from  Several  Leveli. — Similar  problems  to  those 
nUting  to  galleries  are  presented  bj  shafts  which  have  to  be 
sank  bom  several  levels.  If  the  shaft  to  be  sunk  is  near  an 
existing  shaft,  the  problem  is  comparatively  simple,  as  it  is  then 
merely  necessary  to  drive  headings  from  that  shaft  at  different 
levels  until  their  ends  reach  the  axis  of  the  shaft  to  be  sunk. 

The  conditions  aie  not  always  so  favourable ;  the  shaft  to  be 
sunk  may  be  at  a  considerable  distance  from  any  existing  shaft. 
In  such  a  case,  points  are  selected  at  each  level  of  the  mine- 
workings,  as  near  as  possible  to  the  shaft  to  be  snnk.  From 
these  points  headings  are  driven  to  the  axis  of  the  shaft.  The 
length  and  direction  of  these  headings  may  be  calculated  from 
surveys  made  at  the  various  levels  of  the  mine.  It  is,  of  course, 
necessary  that  the  surveys  shall  be  made  with  extreme  accuracy 
with  the  theodolite. 

This  method  was  employed  in  the  Harz  for  sinking  the  Eonig^n 
Marie  shaft,  the  first  perpendicular  shaft  sank  in  that  district. 
In  1851  it  was  decided  by  the  Government  authorities  to  drive  a 
deep  water-level  at  a  depth  of  120^  fathoms  under  the  Ernst- 
August  deep  adit,  by  which  the  mines  of  the  Upper  Harz  were 
th^n  drained.  The  new  deep  water-level  was  intended  to  serve 
as  a  great  conmion  watei-ieservoir  for  the  mines  of  the  district. 
From  this  level,  which  is  324  fathoms,  below  the  surface,  and 
116  feet  below  sea-level,  the  water  is  raised  to  the  Ernst-August 
adit.  For  the  reception  of  the  engine  for  raising  the  water,  it 
was  decided  to  sii^  a  new  perpendicular  shaft,  the  ESnigin 
Marie  shaft,  which  should  also  be  utilised  for  raising  the  ore 
from  several  mines. 

In  order  to  expedite  as  far  as  possible  this  important  wo^ 
the  shaft  hod  to  be  sunk  from  several  levels.  It  was  snnk  from 
the  surface  to  the  deep  George  adit,  a  depth  of  116  fathoms,  and 
at  the  same  time  commenced  at  a  level  202  fathoms  below  the 
surface,  and  at  another  270  fathoms  below  the  surface. 

Careful  surveys  having  been  made  at  each  level,  the  shaft  was 
set-out  from  the  points  obtained  from  the  calculated  co-onUnates. 
The  diSerent  holiiKS  were  successfully  effected  in  1866. 

The  accuracy  of  the  work  was  then  tested  by  suspending  a 
plumb-line  in  tite  shaft,  and  determining  the  position  of  the  abxSt 
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at  the  three  levels.  The  plumb-line  at  the  Buifooe  was  exactly 
in  the  centie  of  the  hoisting  compartment  of  the  shaft,  at  a 
distance  ol  40  inches  Irom  each  of  the  long  sides,  and  70  inches 
from  each  of  the  short  sides. 

Designating  the  shaft  as  ^B  C  B,  the  distance  of  the  plumb- 
line  from  the  ddes  at  the  different  levels  was  as  follows : — 

AB  CD  AC  BD 

lDch«.  InchtA.  Incbe*.  India. 

At  the  surface,  .  .     40-0         40-0  70-0  70-0 

At  the  140-f»tham  leTel,     ,     41 'G         38-5  71-0  60-0 

At  the  202-faUiom  level,  42'S         37-4  70-0  70-0 

At  the  2T0-fiLt|]oni  level,      .     40-6         39-2  68-6  7t-4 

From  these  results  it  follows  that  the  deviation  of  the  shaft 
from  the  vertical  was  as  follows : — 


At  the  14a-f&thom  level. 
At  the  202 -fn  thorn  level, 
At  the  270-fftthom  level. 


Thus,  the  Eonigin  Uarie  shaft  presents  a  brilliant  illustration 
of  accurate  mine-sorveyiog. 

The  Cubical  Contoits  of  a  nne-RaserroIr  may  easily  be  deter- 
mined by  the  aid  of  a  levelling-instniment.  The  cubical  content 
must  be  calculated  bo  as  to  ascertain  the  quantity  of  water  which 
the  proposed  reservoii  will  hold.  In  shape,  a  mine-reservoir 
resembles  most  closely  a  truncated  pyiamid.  It  is,  therefore, 
supposed  to  be  cut,  at  given  vertical  distances,  parallel  to  the 
Btmace  of  the  water.  The  cubical  content  of  the  reservoir  is 
then  determined  from  the  area  of  these  horizontal  sections  and 
their  vertical  distance  apart. 

When  a  suitable  site  for  the  reservcnr  has  been  selected,  and 
the  height  of  the  dam  fixed,  the  highest  level  (1,  Fig.  142)  of  the 
water  is  marked  by  a  stake  fixed  into  the  dam.  The  water-line 
of  the  reservoir  is  then  determined  by  finding  with  the  sjntit-level 
a  number  of  points  lying  in  the  level  of  1.  All  these  points  aia 
then  marked  by  numbered  stak^.  Some  2  to  3  yards  vertically 
below  the  first  stake,  a  second  stake  is  fixed  into  tl>«  dam.  The 
oontour  of  the  reservoir  at  this  level  is  then  d*teimined  by  the 
spirit-level,  and  marked  by  numbered  stakes.  In  a  similar  way, 
contours  of  the  leservoii  at  tower  water-levels  are  determined 
and  marked  out.  The  contours  marked  out  by  the  numbered 
stakes  are  then  surveyed  by  means  of  the  dial,  the  prismatio 
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compass,  or  the  plam  table,  and  laid  down  on  a  plan  to  a  laigo 
scale.  From  this  plan,  the  areas,  the  cubical  contest  of  the  reser- 
voir is  calculated  by  means  of  the  formula  V  —  J  A  (B  +\^Bb  4-  b), 
where  h  is  the  vertical  height  and  B,  b  the  area  of  the  enda. 

For  examj^. — In  the  mine- reservoir,  shown  in  Fig.  142,  five 
horizontal  sections  were  determined  at  vertical  distances  (A 
1-000,  1-060,  1-000,  and  0-875  fathoms  apart.  The  vertical 
distance  from  the  fifth  and  last  section  to  the  bottom  of  the 
reservoir  was  0*376  fathom.  Each  of  the  five  water-levels  were 
distinguished  by  numbered  stakes,  so  marked  that  all  belonging 
to  one  section  had  the  same  number.  The  five  horizontal  sections 
were  then  anrveyed  with  the  compass,  and  plotted  on  a  suitable 


scale  (1 : 1,000).     The  cubical  content  was  then  found  to  be 
41814-13  cubic  fathoms  as  shown  in  the  following  table : — 


CUBICAL  CONTENT  OF  A  MINE-RESERVOIB. 


Unl. 

ATM. 

UnUAfuU 

Cnbioal  Ooatimt 

I 
2 
3 
4 
6 
Bottom. 

16101-29 
9677-30 
4404  34 
1603-26 
0-00 

rithtmu. 
1-000 
1-050 
1000 
<l-876 
0-376 

Cubic  IfBlAom., 
18931-11 
13362-90 
B826-46 
SOOO-60 
194-ie 

41814-13 

The  cubical  content  of  a  dump-heap  Is  found  in  a  similar 
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Detonnlnalion  ol  (be  Strike  and  Dip  ol  the  Une  ol  Inton«etton 
of  Two  VelDS. — It  is  important  to  determine  the  position  of  tluB 
line,  OB  it  is  frequently  found  to  be  a  line  near  or  along  which  a 
nm  of  rich  deposit  is  likely  to  be  met  with.  It  is  also  of  value 
in  solving  problems  relating  to  the  dislocations  of  veins.  Rules 
for  determining  by  means  of  spherical  trigonometry  the  strike  of 
the  line  of  intersection  are  given  in  the  treatises  on  mine-surveying 
by  Von  O^pel  (1749),  Kaatner  (1775),  and  Lempe  (1782).  The 
simplest  trigonometrical  sdution  to  the  problem  is  that  given 
by  A.  Rhodius." 

The  problem  may  be  solved  by  construction.  Let  ah'  and 
6"c  (Kg.  143)  be  the  lines  of  strike,  at  a  given  level,  of  the  two 
lodes  dipping  at  angles  of  a  and  <£.  In  order  to  determine  the 
line  of  interseotion,  the  perpendiculars  t%  and  Im  are  let  fall  in 
the  direction  of  the  dip  of  the  lodes,  and  made  the  bases  of  right- 
angled  triangles,  the  hypothenuses  of  which  are  inclined  at  angles 
of  a  and  a'  respectively,  the  perpendicular  (A)  being  the  same 
in  both  coses.  The  lines  Jb  n  and 
m  o  are  then  drawn  parallel  to  a  6' 
and  fr'c,  and  continued  until  they 
intersect  in  the  point  e.  Then  e  is 
a  point  of  intersection  of  the  two 
lodes  at  a  level  which  is  deeper 
than  the  point  of  intersection 
6,   by  A    distance    A,   and    conse-  ^ 

quently  be  is  the   line   of  inter-  ^„  143, 

section   of  the  two  lodes.      The 
strike  of  this  line  can  be  measured  with  the  protractor. 

By  constructing  a  right-angled  triangle  with  its  base  equal  to 
the  line  of  intersection,  6  e,  and  its  perpendicular  equal  to  A, 
then  the  angle  at  e  represents  the  at^le  of  inclinatiofi  or  dip  of 
the  line  of  intersection.  This  angle  may  be  measured  with  the 
protractor. 

The  preceding  construction  is  generally  to  be  recommended. 
The  problem  may,  however,  be  solved  by  means  of  plane 
tTigonometiy.  The  following  is  the  solution  given  by 
Rhodius : — If  ht,  as  in  the  first  solution,  represents  the  line 
of  intersection  of  the  two  veins  ah'  and  V  c,  then  eg  and 
e  r,  lines  parallel  to  t  it  and  I  m,  are  lines  at  right  angles 
to  the  strike  of  the  veins.  The  angles  which  eq  and  er 
form  with  the  line  of  strike  be  oi  the  line  of  intersection 

*  Prtatt.  ZItchr.,  vol.  i 
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being  indicated  by  x  and  y  lespeotivelf ,  the  (ollowii^  eqiutionB 
«n  obbuned : — 


e5  =  Acot»na;  «f™Aootaaa', 

.      (1) 

eg  =  6e-cos»;  er  =  be*cosy, 

.      (2) 

eg  _ootana"l_oos« 
* '  e  r      cotan  o'      cos  y' 

(3  and  4) 

ootana  +  cotana'  .  coax  +  coey 

cotan  a'                     cosy       '     • 

.      (6) 

cotan  a  —  cotan  a'      cos  i  —  cos  y 
cotan  a'                     cosy       '     ' 

-      (6) 

cotan  a  +  cotan  a'       cosai  +  coay 

■     (7) 

cotan  a  — cotan  a'      cosar  — coay 

cotan  a  ■+■  cotan  a'      cos  a  *  sin  a'  -f-  sin  a  cob  o' 

cotan  a  —  cotan  a'      cos  a  ■  sin  a'  —  sin  a  ca 

sa'      . 

Bin  (a' +  a) 
Bin  (a' -a) 

Substituting  u-\-vioix  and  u  —  v  for  y,  so  that  u  =  half  x  +  y 
and  V  =  half  a;  —  y,  the  equation  7  becomes 

ain  (g*  +  g)  _      ooaucoac 
sin  (a'  —  a)  sin  u  sin  v 

=  —  ootan  J  {JB  +  y)  •  cotan  J  (at  —  y). 


^cotania.       :^  (8) 


~  ain  (a  —  a') 
_  flin  (g  +  g') 


sin  (o  —  a') 

In  this,  i  represents  the  value  of  the  angle  a  be,  included  hy  the 
lines  of  strike  of  the  two  lodes,  bo  that  ^i  =  90°  —  i  (z  -j-  y}> 
and  iix-y^  y)  =  90°  —  i  3-  The  angle  i  ie  known,  and  x  and  y 
are  found  from  these  two  equations. 
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Tke  angle  of  dip  •]/  of  the  line  of  intersection  is  calculated  in 
the  foliowing  way  : — h  =  be  tan  •^,  therefore, 


i       k  ■  cos  X       h  cos  y 
~e ""      eq       ~      er 
:oax    _    cosy 
>tan  a      cotan  a'' 


.        .     (9) 

In  ordei  to  employ  tliie  formula,  the  value  of  the  angle  x  ai  y 
must  first  have  been  detenniiied.  The  angle  of  dip  is  found 
moie  conveniently  from  the  formula — 


„  sin  a  Bin  a'      .    ,  ,        ,  ,  ,  'l 

ain  (a  +  a ) 


•"■  +  =  2 -j-^-j-^  •  dn  i  J  CO.  J  (»  -  »). 


For  example. — The  strike  of  a  lode  is  101°  15',  and  ita  dip 
80°  towards  south ;  the  strike  of  a  second  lode  is  170°  37| , 
and  its  dip  76°  towards  west ;  required  the  strike  and  the  dip 
of  the  line  of  intersection  of  the  two  lodes. 

By  applying  the  formula  given,  the  former  will  be  found  to  be 
ei"  27J',  and  the  latter  74°  15'  26". 

The  Search  for  DIsloeated  Lodes.— In  following  a  lode,  it 
frequently  happens  that  a  cross-course  is  met,  and,  after  driving 
through  it,  the  lode  is  not  to  be  found  on  the  other  side.  In 
such  cases  it  is  stud  to  be  dislocated  or  heaved.  The  two  inter- 
secting veins  seldom  form  an  intersection  at  right  angles ;  more 
commonly  one  is  inclined  to  the  other.  In  Cornwall,  of  272  cases 
of  intersection,  recorded  by  Mr.  W.  S.  Henwood,*  22-7  per  cent 
were  intersected  but  not  heaved,  26-2  per  cent,  were  found  by 
driving  to  the  left  hand,  and  51-1  per  cent,  to  the  right  hand ; 
63-5  per  cent,  were  found  by  driving  on  the  side  of  the  greater 
angle  and  12-9  on  the  side  of  the  smaller  angle.  The  average 
distance  of  dislocation  was  16'4  feet. 

The  first  clear  views  on  the  subject  were  put  forward  in  1810 
by  Schmidt,  who  stated  that  dislocations  were  to  Im  explained 
by  a  ainldi%  of  the  hanging-wall  of  the  dislooator,  Schmidt's 
rule,  as  modMed  by  v.  Camall,  is  as  follows ; — 

If  the  dislocator  is  struck  on  its  hanging-wall,  it  must  be 
passed  through,  and  the  driving  continued  in  the  hanging-wall 
of  the  dislocated  lode.  If  the  foot-wall  of  the  dislocator  is  Btmck, 
it  mart  be  passed  through,  and  the  driving  continned  in  the 
foot-wall  of  the  dislocated  lode.  For  obtuse  angles  of  disloca- 
tion, the  rule  is  reversed.  The  angle  of  dislocation  is  the  an^le 
•  TruMM.  it.  aa>L  Soe.,  Oonutall,  red.  v.,  IStf. 
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fonned  hy  the  line  of  intenectdon  of  the  two  veina,  and  that 
portion  <n  the  line  of  strike  of  the  dialocatoi  which  enters  into 
ib»  foot-wall  of  the  lode. 

Oa  Schmidt's  theory,  Zimmermftnn  is  1828  based  his  rule, 
which  is  moie  convenient  to  use,  aa  it  mftkes  no  exception  of  the 
obtuse  angle.    Hia  oonstniotion  is  as  foUows : — 

At  the  point  D  (or  E),  Fig.  144,  in  which  the  dislooatoi  A  is 
cnt,  erect,  on  the  line  of  strike  and  towards  the  inside  of  the  dis- 
looatot,  a  perpendicular  line  D  L  (£  L')  lyii^  in  a  horizontal 
plane.  Determine  the  position  of  the  line  U  N  (M'  N')  in  which 
the  planes  of  the  dislocator  and  of  the  lode  intersect.  Pndong 
the  Une  tA  N  (M')  towards  the  opposite  selvage  malring  it  D  N 
(E  M').  Observe  to  which  side  the  perpendicular  D  L  (E  L') 
deviates  from  the  line  of  intersection  when  it  is  directed  towards 


the  opposite  selvage,  and  after  passing  through  the  dislocator, 
seek  the  dislocated  portion  of  the  lode  on  the  aide  towards  which 
the  perpendicular  D  L  (E  L')  falls. 

The  construction  is  very  simple.  Xbe  line  of  intersection  of 
the  lode  and  the  dislocatoi  is  determined  by  the  method  de- 
scribed. It  is  then  merely  neceasary  to  eiect  a  perpendicular  at 
the  point  D  (or  K).  If  the  line  of  intersection  ia  to  be  determined 
by  ^ane  trigonometry,  formula  8  is  employed. 

For  example. — On  driving  along  a  lode,  dc,  from  d  towards  c. 
Fig.  U5,  it  is  iound  that  the  lode  ends  at  c,  having  been  dis- 
located by  a  fissure  a  b.  The  fissure  has  a  a^ike  fi  of  118°  7^', 
and  a  dip  a'  of  55°  towards  the  south-west,  and  the  lode  has  a 
strike  ^  of  150°,  and  a  dip  o  of  82°  30'  towards  the  ijorth-eaat. 
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Tie  firat  problem  is  to  determine  the  line  of  intersection  of  the 
two  veins.  The  point  of  intersection  i  being  found  hj  the  process 
previoudj  described,  e  i  represents  the  strike  of  the  line  of  inter- 
section By  erecting  a  perpendiAilai  ek  a,t  the  point  c,  it  is 
evident  that  the  lost  vein  I  m  will  be  found,  after  the  dielocatot 
has  been  passed  through,  by  driving  from  c  in  the  direction  c  h. 

If  the  line  of  intersection  is  to  be  determined  by  means  of 
plane  trigonometry,  by  employing  formula  8,  the  required  line 
of  inteisectioD  will  be  found  to  have  a  strike  of  145°  6'  23". 

If  recourse  is  had  to  spherical  trigonometry,  the  calculatiotiB 
are  more  simple.  With  o  as  the  centre  of  a  sphere,  the  spherical 
triangle  A  B  0  is  described,  in  which  the  side  A  B  (=  tp  =  /J  —  ^) 
is  in  the  horizontal  plane  A  o  B,  A  C  is  in  the  plane  of  the  fissure 
a  b,  and  B  C  in  the  plane  of  the  lode  c  d.  Again,  c  D  is  the  hori- 
zontal projection  of  the  tine  of  intersection  ScC,  and  CD  an 


arc  perpendicular  to  A  B,  and  from  the  two  right-angled  triangleB 
A  CD  and  BCD, 

(1)  tan  y  =  sin  a:  ■  tan  o',  and 

(2)  tan  y  =  aa{f~x)'  tan  a. 

From  these  two  equations,  it  is  found  that 

tan  a' 

cotan  X  =  r : \-  cotan  <o. 

tana*  sin<p 

Numerical  values  being  substituted, 

"'^°  '  =  t..  82°  ^."n'  31'  62i-  +  °'"'°  "'  ^' 
.:  I  =  26"  68' 63" 
Now,  the  atrike  of  the  fissuie  a  6  ia  118°  7}' ;   therefore,  the 
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strike  of  the  line  of  intersection  S  c  C  =  118°  7^'  +  26°  58'  53"  =s 
145°  6'  23". 

If,  in  the  example  given,  it  was  foond  seoeaeai?  to  drive 
11  yaida  from  c  towards  b,  i«  order  to  reach  the  lost  lode  at  I, 
the  sinking  H  of  the  hanging-wall  of  the  dislocatoi,  most, 
according  to  Zinunermann,  have  amoonted  to 

„^  11  ■  EdM  31°  52^" 

cos  66°  •  cos  31°  52f'  +  cotan  82°  30' '  da  55" 
=-  9-76381  yards. 

Imgularitlfls  of  Sauni  and  Beds.— Bedded  deposits  are  fre- 
quently found  to  be  interrupted  \>j  faults,  causing  a  cutting-oS 
of  the  bed,  and  a  displacement  of  it  np  or  down.  A  small  hult 
is  sometimes  termed  a  hitch  or  trouble.  In  order  to  represent 
the  direction  of  the  displacement,  the  fault  is  described  as  an 
up-tArouT  or  dotoK-t^ow. 

The  alterations  in  position  of  stratified  deposits  unde^one 
since  their  deposition,  may  be  divided  into  three  classes — (1) 
Faults  caused  by  folding  of  the  strata ;  (2)  throws  or  faults 
caused  by  fissures ;  (3)  displaced  faults.  Fatdts  of  the  first  and 
third  class  are  only  met  with  in  folded  strata ;  faults  of  the 
second  class  also  occur  in  horizontal  strata.  AU  these  faults 
give  rise  to  dislocation  of  beds  and  seams,  and  rules  have  been 
formulated,  like  those  for  lodes,  for  ascertaining  the  direction  in 
which  to  search  for  the  displaced  bed  or  seam. 

Faults  of  the  first  class  are,  as  A.  Heim  first  showed,  merely 
the  final  result  of  folding.  In  many  cases,  the  progressive  steps 
may  be  observed  in  the  strike  of  the  same  fault.  The  mode  of 
formation  of  such  faults  must  therefore  be  considered,  not  as  a 
hypothesis,  but  as  an  absolute  well-established  fact.  Thus,  at  the 
Uanafeld  Mine  near  Langendreer,  a  folded  fault  is  very  apparent 
in  a  certain  cross-cut,  whilst  162  feet  further  north  it  becomes  a 
simple  folding.  Folded  faults  can  only  occur  in  beds  and  seams, 
but  not  in  veins,  for  these,  being  filled-up  fissures,  are  of  more 
recent  age  than  the  country  rock,  and  its  foldings.  With  faults 
of  this  Mnd,  the  same  seam  is  frequently  met  several  tam«  at 
one  level.  If  a  fault  is  recognised  as  belonging  to  the  folded 
dass,  the  direction  in  which  to  search  for  the  displaced  seam 
may  easily  be  decided  by  means  of  a  sectional  sketch. 

Throws,  or  normal  faults,  are  those  which  have  arisen  entirely 
through  the  slipping  down  of  the  strata  on  the  hanging-wall  of 
the  diidooator.    The  rule  for  ascertaining  the  direction  in  which 
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to  search  tor  the  diaplaced  eeam  is  as  follows : — If  the  dislooatiDg 
fissure  is  met  on  its  hanging- wall,  the  displaced  seam  must  be 
Bought  in  the  direction  of  the  hanging-wall  of  the  strata  after  the 
fissure  is  passed  through.  Conversely,  if  the  fault  is  dipping 
from  yov^  you  must  proceed  downwards.  Zimmemuum's  oon- 
struction  is  applicable  to  dislocated  seams  as  well  as  veins. 

Faults  of  the  third  class  were  first  observed  by  Professor 
Eoehler  in  the  Westphalian  coal-fields,  and  subsequently  in  the 
lodes  of  the  Harz.  Under  the  term  displaced  faults  (Verschie- 
bungen)  are  to  be  understood  those  dislocationB,  in  which  a  part 
of  the  previously  folded  oi  vertical  strata,  with  the  seams  con- 
tained therein,  was  torn  away,  by  the  force  that  caused  the 
folding,  from  another  part  of  the  strata,  and  slid  or  pushed  away. 
In  such  cases,  the  seams  and  the  strata  appeared  curved  in  the 
cUrection  of  the  movement,  and  gradually  thinned  out,  though 
DO  folding  is  to  be  observed,  as  is  the  case  with  folded  faults. 
In  addition,  the  plane  of  disruption  exhibits  traces  of  the  move- 
ment in  the  form  of  sUckensides  and  striatdons. 

These  displaced  faults  may  thus  be  easily  distinguished  from 
other  faults.  A  fault  having  been  reci^nised  as  belonging  to 
this  category,  the  displaced  portion  of  the  seam  may  be  found  by 
crossing  the  plane  of  disruption,  and  seeking  the  shifted  portion 
of  the  deposit  on  the  side  towards  which  that  plane  is  inclined.* 

SubslduiM  and  Draw. — Interesting  problems  are  presented  by* 
the  surface  subsidence  caused  by  the  removal  of  coal  in  the 
mine.  By  means  of  very  accurate  levelling,  Mr.  J.  8.  Dixon  t 
made  a  valuable  series  of  observations  at  Bent  Colliery  on  the 
subject  of  the  subsidence  and  draw  from  working  the  coal ;  the 
facts  disclosed  upsetting  many  old  rule-of-thumb  ideas  on  the 
subject.  In  order  to  arrive  at  correct  conclusions  in  an  inqniry 
of  this  kind,  the  best  way  is  to  select  a  Une  for  a  section  on  the 
surface,  and  pe^  it  ofi,  or  have  some  other  means  of  fixing  levels 
that  can  be  tested  from  time  to  time. 

The  line  selected  at  Bent  was  at  right  angles  to  the  advancing 
workings,  and  as  nearly  as  possible  on  the  level  course  of  the 
coal.    Pegs  were  put  in  at  first  every  100  feet,  and  afterwards 

*  On  tha  didooationi  of  veiiu,  beds,  and  BeamB,  oonmlt  3.  C.  L.  Sohmidt, 
Thtorit  der  VtrtMdnmgai  Oitaw  Gdi>tt,  Frankfort,  ISIO ;  C.  ZinuoermMiD, 
Dit  H'wibnnwndlliMif  vtneorfener  Oangt,  Lagtr  und  FlObt,  Darnutadt, 
1828  i  R.  von  CamaU,  Sarttat  Archiv.,  vol.  ix.,  1842,  p.  3 ;  H.  Hoefer, 
Oulr.  2rMAr.,  IB81,  p.  168,  traiulated  1^  R.  W.  BaTmond,  Traiu.  Amtr, 
Intt.  M.E.,  1882 ;  R.  DannenberB,  DOmt  FerHw/MUM,  Saarbraokan.  1883 ; 
n  B--.Li„  B j_.  ^ ».„, ,  T.^^^  Leipiig,  ir-" 
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every  BO  feet.  The  Ell  coal  at  this  colliery  waa  worked  fey  the 
pillar-and-stall  method  until  the  middle  of  1881,  when  the  removal 
of  the  pillars  was  commenced.  It  was,  however,  some  time  before 
this  operation  reached  the  tine  along  which  the  section  waa 
token.  The  excavation  waa  5  feet  6  inches  in  height,  and  the 
superincumbent  strata  were  allowed  to  fall  and  fill  it  up.  The 
strata  are.  of  a  firm  nature,  and  the  surface  is  mostly  boulder 
clay. 

The  original  level  of  the  surface  before  the  pillars  wele  removed 
is  shown  by  the  figures  in  the  table  on  the  next  p^e.  The 
pillars  were  removed  for  a  distance  of  2iO  feet  baok  from  the 
solid  coal  on  January  21,  1882,  and  no  subsidence  of  the  surface 
had  ensued.  On  May  27,  1882,  the  levels  showed  the  maximum 
subsidence  to  have  been  1-80  feet  at  peg  1650,  145  feet  back 
from  the  face,  and  the  draw — that  is,  the  disturbance  at  the 
surface  beyond  the  point  of  excavation— 60  feet  outwards  from  a 
point  perpendicularly  above  the  working  face.    On  November  14, 

1882,  the  face  was  610  feet  from  the  solid,  and  the  subsidence 
from  the  original  level  was  as  shown  in  the  table.    On  April  15, 

1883,  the  face  was  750  feet  from  the  solid ;  on  November  27, 
1883,  it  was  1,060  feet  distant ;  and  on  October  23,  1884,  the 
removal  of  the  pillars  had  been  completed  for  some  months,  and 

,thc  face  was  1,230  feet  from  the  solid.  The  levels  were  again 
taken  on  June  17, 1885 ;  the  workings  being  in  the  same  position 
as  they  had  been  for  about  a  year.  On  December  4,  1885,  it 
was  found  that  the  subsidence  had  practically  ceased,  and  the 
draw  had  not  altered. 

The  conclusion  arrived  at  is  that  subsidence  from  the  removal 
of  coal  in  this  case  attains  its  maximum  towards  the  centre  of 
the  excavated  space,  and  gradually  decreases  in  each  direction, 
The  maximum  subsidence  was  4-00  feet,  and  the  average  from 
peg  1,000  to  peg  1,600  was  3-76  feet,  or  73  and  68  per  cent, 
respectively  of  the  height  of  the  excavation.  The  wave  of  maxi- 
mum subsidence  regularly  followed  the  working  face  at  an 
average  distance  back  of  186  feet,  or  1  foot  horizontal  for  each 
3}  feet  perpendicular.  The  permanent  lengths  of  the  draw  may 
be  taken  as  100  feet  (Nov.  14,  1882)  on  the  one  side,  and  83  feet 
on  the  other  (Oct.  23,  1884).  At  these  points,  the  depth  to  the 
coal  was  650  and  646  feet,  representing  a  draw  of  1  horizontal 
for  each  6-5  feet  perpendicular,  and  of  1  horizontal  for  each 
7*78  feet  perpendicular  respectively. 

The  coal  at  Bent,  it  should  be  noted,  dips  at  right  angles  to 
the  line  of  section  at  an  inclination  of  about  1  in  20. 
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SUBSIDENCE  AT  BENT  COLLIERY. 


OrlgiiiKl 

Peg. 

nth  Hot 

6Cb  April 

HthHor, 

aardOce. 

ITthJune 

4th  Dm.. 

1B81. 

me.  ' 

isaS: 

IBBB. 

aoo 

640-6 

0-25 

0-36 

0-46 

6S0 

648-9 

0-36 

0-60 

0-60 

700 

6S7-2 

0-77 

0-94 

0-B4 

750 

664-6 

1-18 

1-27 

1-40 

SOO 

667-5 

0-23 

1-37 

1-76 

2-00 

850 

6731 

0-63 

1-60 

2-24 

2-34 

900 

876-6 

113 

2-67 

2-74 

2-82 

960 

676-0 

1-61 

2-97 

3-14 

3-22    . 
3-60 

1000 

877-1 

2-10 

3-27 

3-40 

1050 

677-3 

2  43 

3-32 

3  64 

3  75 

1100 

678'8 

0-60 

2-80 

3-62 

3-80 

4-00 

1150 

679-7 

0-70 

2-93 

3-67 

3-81 

3-02 

1200 

880-8 

1-20 

3  62 

3-62 

3-52 

1250 

680-9 

o-'eo 

1-60 

3-08 

3-45 

3-45 

3-45 

1300 

670-2 

0-40 

2-00 

3  03 

3-42 

3-42 

3-42 

1350 

677-0 

1-60 

2-26 

3  00 

3-27 

3-27 

3-27 

1400 

677-5 

1-60 

2-46 

3-83 

317 

3-17 

317 

1460 

680-8 

2-30 

2-00 

3-42 

3-42 

3-42 

3-42 

1600 

680-1 

3-06 

3-06 

306 

3-06 

3-05 

1560 

677-1 

2-90 

3-20 

3-20 

320 

3  20 

3-20 

1600 

675-5 

300 

3  00 

3-00 

3-00 

3  00 

3-00 

1750 

872-8 

2-80 

2-80 

2-80 

2-80 

2-80 

2-80 

1850 

663-4 

1-70 

1-70 

1-70 

1-70 

1-70 

1-70 

1950 

648-6 

0-60 

0-60 

0-60 

0-60 

0-60 

0-60 

2000 

640-7 

0-04 

0-04 

0-0* 

0-04 

0-04 

0-04 

The  queation  is  one  of  great  importance  to  mine-suTveyors  in 
relation  to  the  eSeot,  on  the  surface,  of  minera!  workings,  and 
to  the  area  of  coal  that  should  be  left  to  prevent  damage  to 
buildings.  It  is  consequently  highly  desirable  that  aimilar 
inveBtigations  should  be  made  in  other  coal-fields. 

Prom  a  careful  study  of  tbe  subsidence  occurring  in  the  Saxon 
coal-fields,  B.  Eausse,*  of  the  Zaukeioda  Colliery,  has  arrived  at 
some  ioteresting  results.  The  direction  of  the  plane  of  fracture 
occurring  on  the  breaking  of  undermined  strata  is  determined  by 
the  angle  of  fracture — ^that  is,  the  angle  made  by  the  plane  ot 

*8aeeh3.  Jahrhueh.  1886,  p.  Ill;    Zettkhnft  fiir  dot  Berg.  Bmat.  mnI 
.,  1907,  pp.  324-448. 
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fractuie  with  fche  horizontal  plane.  Then  if  9  ia  the  angle  of 
fnctuie,  and  fi  the  dip  of  the  strata,  the  following  equation  is 
obtained: — 

tan9  =  -:— 5 5* 

Then,  if  ^  ia  equal  to  0°,  this  equation  becomes  tan  $  =  co ,  and 
^  =  90" ;  in  other  woida,  in  horizontal  strata  the  plane  of  fracture 
coincides  with  the  line  of  gravity.  When  fi  =  90°,  the  equation 
again  becomes  tan  ip  =  co ,  and  f  =  90° ;  that  is  to  sajr,  in  vertic^ 
strata,  the  plane  of  fracture  coincides  with  the  tine  of  gravity 
By  means  of  the  formula,  the  angle  of  fractuie  may  be  ctuculated 
in  any  case  from  the  dip  of  the  strata.  In  this  way  the  following 
results  are  obtained  : — 

Whui  ^   *    0"  then  9  —    00°  00' 

10°  85°  10' 

20°  80°  30' 

30°  76°  10' 


74"  00' 
80"  60* 


To  show  how  these  theoretical  results  compare  with  results 
actually  obtained  in  practice,  the  following  example  may  be 
cited : — For  supporting  the  Siemens  glass  woilra  at  Doehlen  in 
Saxony,  a  safety  pillar  of  IS  yards  horizontal  breadth  was  left, 
and,  in  addition  to  this,  the  last  stall  up  to  that  pillar  was  packed 
with  gob  to  a  horizontal  breadth  of  16  yards.  Assuming  that  a 
dense  gob-pacHng  is  compressed  to  0-S  of  its  origin^  volume 
by  the  pressure  of  the  superincumbent  strata,  the  gob-pillar, 
for  purposes  of  safety,  represented  a  coal  -pillar  of  16-0  X  0-6  = 
9-6  yards  in  breadth  Consequently  the  coat-pillai  and  'the 
gob-pillar  together  had  the  same  efiect  in  supporting  the  buildings 
as  a  coal-pillar  of  16-0  +  9-6  =  25-6  yards  in  breadth.  No^ 
withstanding  the  pillars,  the  surface  was  found  to  have  sunk 
condderably. 

The  thicknos  of  the  coal  seam  was  4  yards.  It  dipped  12" 
towards  the  west,  and  had  a  perpendicular  depth  from  the 
surface  of  180  yards.    Calculated  from  this  depth  and  the  width 
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oE  the  SS-fi-yard  piihur,  the  angle  of  fracture  ip  is  ioimd  to  be  a 
tollows ; — 

The  dip  /}  of  the  strata  being  12°,  the  theoFelaoal  formula  givefi 

or  2"  20'  greater  than  the  result  obtained  practically. 

The  theory  of  subaidence  is  ably  discussed  by  Calloti,*  who 
lays  down  the  following  proposition  :^-If  the  coal  has  been 
removed  over  a  certaiU  area,  and  the  space  filled  up  is  a  seam 
worked  by  the  methods  adopted  in  Belgium  and  Northern 
France,  the  subsidence  of  the  roof  on  the  filling-up  causes 
fractures  along  the  perimeter  of  the  area  at  right  angles  to  the 
plane  of  stratification.  The  subsidence  of  the  ground  within  the 
cylindrical  space  indicated  by  those  fractures  continues  gradually 
without  sensible  diminution  in  amount  quite  up  to  the  surface, 
whatever  may  be  the  depth  of  the  mine. 

The  effect  of  subsidence  due  to  coal  workings  has  been  ex- 
haustively investngated  by  Mr.  8.  R.  Eay,t  who  has  deduced 
from  many  examples  of  modern  practice  the  following  empirical 
formula  for  the  necessary  pillar  to  be  left  under  normal  con- 
ditions.    The  formula  is  : — 


in  which  d  denotes  the  depth  in  yards,  ( the  thickness  excavated 
in  feet,  and  r  the  radius  of  the  support  in  yards.  For  example, 
OB  applying  this  formula,  it  will  be  fonnd  that  if  the  depth  of 
the  seam  is  100  yards  and  the  thickness  of  the  material  excavated 
i  feet,  a  pillar  of  68  yards  radius  will,  under  normal  conditaons, 
give  the  necessary  support. 

*  "  LeotoTM  OD  mining  deliTered  at  the  School  of  Mines,  Parig,"  bj 
J.  Gallon,  truulstod  by  W.  Qalloway  and  C.  Le  Nbt«  Foster,  voL  it, 
London,  1881,  p.  304. 

t  Min.  Proc  IiuL  C.S.,  vol.  czzzt.,  1S09,  p.  114.  The  Bnbject  hat  also 
been  dealt  vith  by  J.  Diokiaton,  TnHM.  Mantittler  Oeol.  Soc,  voL  zir., 
1898,  p.  083  i  b7  W.  QaUoway,  Tratu.  3.  WaUa  Intl.  Eng.,  voL  xz.,  1898, 
p.  304  i  and  by  C.  Henud,  Satdu.  /oAitecft,  ISB8,  p.  147. 
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Hm  VohmM  Eteavated  In  Open  WorUngs.— At  tlie  "nUy 
FoEBtec  iron  ore  mine,  FutDam  County,  New  York,  on  ingenious 
system  of  measurement  has  been  adopted  hy  Mr.  E.  K.  I^ndis.* 
The  mine  is  now  worked  as  an  open  cut  to  a  depth  of  430  feet 
from  the  surface.  The  mine  was  divided  into  lO-foot  squares, 
and  tinea  were  marked  by  stakes  Bet  well  back  from  the  edge 
of  the  pit.  A  wire  lope  was  then  stretched  oyer  a  longitudinal 
line,  and  a  trolley  carrying  a  steel  tape  and  a  plumb-bob  was 
traversed  along  it.  A  levelling  instrument  was  set  up  at  the 
north  end,  the  plumb-line  was  dropped  to  the  bottom,  and  the 
reading  of  the  tape  noted.  The  tape  was  then  wound  up  until 
the  plumb-bob  coincided  with  the  cross-hairs  of  the  level,  and  the 
tape  was  again  lead.  The  results  of  these  measurements  were 
plotted  on  croflS'Section  paper,  and  the  volume  excavated  in  the 
interval  between  the  monthly  measuiements  was  calculated, 
the  areas  on  the  section  being  measured  by  a  planimetex. 
*  JoHn.  fnmkim  InH.,  vol.  cL,  igoO,  p.  223. 
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Mike  Plans. 

Plan  and  SmUod. — For  the  lepreseutiatioii  of  mine  workiiigs 
a  plan  and  a  vertic^  section  are  required.  The  plan  is  a 
projection  of  the  mine  woikitigs  on  a  horizontal  plane ;  the 
section  is  s  piojection  of  the  workings  on  a  plane  running  parallel 
to  the  main  longitudinal  direction  of  the  mine.  With  compli- 
cated and  irregular  mines,  one  sectioa  is  not  sufficient.  In  such 
a  case,  several  sections  have  to  be  made  in  certain  directions. 

M^dUfWOUS  lOnes. — Fout  drawings  are  necessary  in  order  to 
represent  a  metallifeious  mine — (1)  the  ground  plan;  (2)  the 
working  plan ;  (3)  a  longitudinal  section ;  {i)  a  transyeise  section. 

The  ground  plan  givea  a  general  representation  of  the  whole 
concession.  It  may  be  on  a  scale  of  about  3  chains  to  the  inch, 
and  on  it  the  boundary  of  the  property  ol  every  land  owner 
should  be  distinctly  marked,  and  all  the  lodes  indicated.  The 
working  plan  gives  a  general  view  of  the  underground  woridnga, 
as  they  would  be  seen  from  above  if  the  ground  was  transparent. 
This  plan  should  be  drawn  on  a  large  scale,  i,  6,  8,  and  10  fathoms 
to  the  inch  being  scales  frequently  used  for  the  purpose.  The 
longitudinal  section  is  drawn  on  the  mpposition  that  a  section 
ot  the  ground  is  cut  away,  and  that  a  aide  view  of  the  mine  is 
exposed.  All  the  vertical  shafts,  the  stopes,  the  dip  of  the  oie- 
couiees,  and  the  surface-line  with  elevations  of  the  mine  build- 
ings, will  be  correctly  shown.  The  levels,  diagonal  shafts,  and 
winzes  will  have  a  false  appearance.  The  levels  will  appear 
perfectly  straight  however  crooked  their  course  may  be,  the 
diagonal  shafts  and  winzes  will  appear  perpendicular,  and  the 
cross-cuts  will  be  represented  as  open  doorways.  The  transverse 
section  is  of  great  value,  as  it  shows  the  dip  of  the  ore-courses. 
In  the  transverse  section,  the  view  is  taken  at  one  end  of  the 
workings,  at  right  angles  to  the  longitudinal  section.  Thus,  the 
inclination  of  the  sh^t«  and  winzes  sunk  on  the  lode  is  showa 
The  levels  driven  on  the  lode  will  be  represented  as  open  door- 
ways ;  the  cross-cuts  are  correctly  shown ;  and  all  variations 
in  the  dip  ot  the  lode  may  be  seen  from  the  surface  to  the  bottpm 
of  the  imjie, 
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When  the  lode  ia  very  flat,  as  at  the  Comish  mines  of  Wheal 
Jane  and  Wheal  Kitty,  the  section  is  made  along  the  lode.     In 
this  way  a  true  idea  is  given 
of  the  ground  worked;  but    mW//////////////A  \ 
an  erroneous  one  mth  re-    -S'^'''*^^-''^''-''^ 
g&id     to     depth.       This 
method  of  projeotiiig  the 
eeotioD  is  necessary  to  en- 
able   the    ground    stoped 
away  to  be  ebovn,  as  when 
the  lode  is  so  very  flat, 
the  back  of  one  level  in 
a   vertical    section   would 
touch  the  floor  of  the  next. 
As    a    rule,    lodes    are    so 
nearly  vertical  that  a  per- 
pendicular plane  may  be 
taken  for  the  section. 

The  workings  of  a  metal- 
liferous mine  are  repre- 
sented in  Figs.  146,  147,  on 
a  scale  of  about  20  fathoms 
to  the  inch.  The  mine  has 
an  adit-level  and  below 
that.  10-,  20-,  30-,  40-,  and 
60-fatJioni  levels.  The  adit 
is  north  of  the  shaft.  The 
engine  shaft  contains  the 
pumps  which  lift  the 
water  from  the  sump  or 
lowest  point  of  the  shaft  to  the  ^t-level,  which  comes  out 
to  the  surface  on  the  adjacent  hill  side.  This  shaft  was 
sunk  vertically  to  intersect  the  lode  at  the  10-fathom  level, 
a  cross-cut  being  driven  to  the  a^Ut.  Then,  instead  of  con- 
tinuing vertically,  necesdtating  the  driving  of  cross-cuts  to  the 
lode,  the  shaft  iollowa  the  latter.  The  shaded  portioiu  shown  in 
the  longitudinal  sectaon  represent  the  projection  of  the  ore  mi|iwwi, 
removed  by  stoping.  Between  the  10-  and  20-fathom  levels  a 
mistake  arose,  the  winie  and  rise  did  not  meet  owing  to  ao  error 
of  the  dialler. 

It  will  be  found  advisable  to  colour  all  the  levels  on  one  lode 
the  same  tint.  Formerly  it  was  the  general  practice  to  colour 
each  level  a  difierent  colour,  the  adit-level  being  blue,  and  tbs 
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levels  below  it  led,  green,  yellow,  violet,  and  brown  in  si 

No  scale  is  piescribed  by  law  for  tlie  plans  of  the  British 
metalliierous  mines.  The  variety  of  scales  used  piesente  great 
difficulties  with  legatd  to  tke  comparison  of  the  plans  of  difieient 
neighbouring  mines.  In  many  districts,  the  plans  are  prepared 
in  a  slovenly  and  imsatisfactoTy  manner.  This  is  notably  the 
case  in  the  Derbyshire  lead  mines.  There,  according  to  Mr. 
A.  H.  Stokes,  H.M.  Inspector  of  Mines  for  that  district,  the 
majority  of  the  mines  have  no  plans  whatever.  Even  at  the 
larger  mines  which  have  plans,  they  are  very  roughly  drawn 
and  rarely  indicate  the  extent  to  which  the  ore  has  been  worked. 
The  variable  width  of  the  levels  is  not  shown,  the  latter  being 
represented  by  a  coloured  line.  The  position  of  the  best  and 
most  profitable  parts  of  the  mine — ^that  is,  the  width  to  which 
the  ore  has  been  extracted,  is  shown  as  an  ordinary  narrow 
heading.  In  fact,  the  plans  are  not  true  representations  of  the 
mine,  but  merely  represent  the  length  of  underground  tramways. 
Sections  of  the  mine  are  seldom  made. 

;     CoNlwjr  Plans.— By  the  Coal  Mines  Act,  1911,  the  fdlowing 
provisions  are  made  with  regard  to  plans : — 

(1)  The  owner,  agent,  or  manager  of  every  mine  shall  keep 
in  the  office  at  the  mine : — 

(i)  An  accurate  plan  of  the  worHngB  of  the  mine  up  to  a  date 
not  more  than  three  months  previously,  showing  — 

(a)  The  boundaries  of  the 'mine,  where  possible,  and  the 
position  of  the  workiDga  with  regard  to  the  surface 
and  variations  of  level  on  the  roadways  from  the 
Ordnance  basis,  being  variations  of  10  feet  oi  any 
multiple  of  10  feet ;  and 

{b)  The  general  direction  and  rate  of  dip  of  the  strata  ;  and 

(c)  The  position,  direction,  and  extent  of  every  known  fault 

of  every  seam  with  its  vertical  throw,  and  of  every 
known  wash-out  and  intrusive  dyke ;  and 

(d)  The  depth  of  every  shaft ;  and 

(ii)  A  section  of  the  strata  sunk  through,  or  if  that  is  not 
reasonably  practicable,  a  section  of  every  seam. 

(2)  The  owner,  agent,  or  manager  of  every  mine  shall  also  keep 
in  the  office  at  the  mine  a  separate  plan  showing  the  system  of 
ventilation  in  the  mine,  and  in  particular  the  general  direction 
of  the  currents,  the  points  when  the  quantity  of  air  ia  measured, 
and  the  prindpal  devices  for  the  i^ulation  and  distribution  i^ 
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the  air,  ftnd  on  every  such  plan'the  intake  airways  shall  be  coloured 
blue  and  the  return  aimaye  red. 
(3)  £very  such  plan  must  be  on  a  scale  of  not  less  than  40  inches 
frto  the  mile,  and  must  be  prepared  by  or  under  the  supervision 
of  a  surveyor  ptrasessing  tbe  prescribed  qualifications,  and  shall 
be  of  a  durable  character :  Provided  that  in  the  case  of  a  mine 
opened  before  the  passing  of  this  Act  it  shall  be  sufficient  if  the 
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Fig.  148. 

scale  of  the  {dan  is  not  less  than  the  Ordnance  scale  of  26  inches 
to  the  mile. 

Representing  collieries  on  a  plan  is  a  much  more  simple 
operation  than  representing  metalliferous  mines.  Tbe  workings 
are  projected  on  a  horizontal  plane.  The  cool  withdrawn  is 
indicated  by  colouring  or  preferably  by  hatching,  The  signs 
shown  in  Fig.  118  areofton  employed  on  colliery  plans 
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A  separate  set  of  plana  should  be  provided  for  each  seam 
worked. 

Admirable  illustrationB  of  the  inanaeT  in  which  collierj'  plans 
should  be  executed  are  afforded  by  the  plaua  which  accompany^ 
the  annual  reports  of  H.M.  Inspectors  of  Mines. 

Surlaee  PUUIS. — The  surface  plan  of  a  coUiery  or  metalliferona 
mine  requires  great  distinctness  of  detail.  If  the  scale  of  about 
26  inches  to  the  mile  is  adopted,  the  conventional  signs  used  on 
the  maps  of  the  Ordnance  Survey  should  be  employed.  If  the 
scale  is  larger,  care  must  be  taken  to  give  the  conventional  signs 
such  dimensions  as  will  accord  with  the  scale  of  the  plan. 
Buildings  are  coloured  crimson  lake  tor  houses,  and  dark  grey  (a 
light  wash  of  Indian  ink)  for  outbuildings.  The  mine  buildings 
may  be  distinguished  from  other  buildings  shown  on  the  plan 
by  having  a  darker  tint  of  red.  In  representing  objects  on  the 
plan,  their  natural  colours  are  sometimes  adhered  to ;  in  other 
cases  a  conventional  colour  is  used.  Thus,  for  grass  land,  a  Sat 
tint  of  green  (Hooker's  No.  1)  is  employed ;  it  is  made  of  gam- 
boge and  indigo.  Cultivated  land  is  represented  by  a  flat  tint  of 
burnt  sienna.  Adjoining  fields  are  slightly  varied  in  tint,  furrows 
sometimes  being  indicated  by  coloured  strips.  Lakes  and  rivers 
are  coloured  light  blue  (cobalt),  with  a  darker  tint  on  each  sid;. 
Marshes  are  represented  by  the  blue  of  water,  with  horizontal 
spots  of  grass  green.  Roads  are  coloured  with  a  light  wash  of 
burnt  sienna,  or  yellow  ochre.  Hedges  are  represented  by  green 
dots  for  bushes,  brick  walls  by  a  red  line,  and  wooden  fences 
by  lines  of  a  neutral  tint.  In  large  scale  plans,  the  Cornish  hedge, 
some  6  feet  in  width,  is  shown  by  two  lines  the  true  distance 
apart,  with  a  wash  of  neutral  tint  along  each  aide.  In  all  cases 
the  shadow  is  put  in.  The  boundaries  of  the  mine  concession  are 
indicated  by  strips  of  colour. 

When  the  underground  worldnsa  are  drawn  on  the  surface- 
plan,  in  the  latter  there  should  be  no  more  colouring  than  neces- 
sary. It  will  be  found  sufhdent  to  colour  the  roads,  buildings, 
and  water. 

The  colouring  of  extensive  areas  on  plans  used  for  making 
measurementa  or  for  plotting  should  be  avoided,  aa  the  colouring 
has  a  very  decided  tendency  to  cauae  local  inequalities  in  con- 
traction and  expansion  of  the  paper,  and  may  give  rise  to  very 
serious  errors  on  large  plans. 

American  Colliery  Plans.— In  Pennsylvania  the  law  requires 
all  anthracite  colliery  owners  to  prepare  maps  of  all  workings  on 
a  scale  of  100  feet  to  an  inch  for  the  use  of  the  mine-inspector. 
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This  scale  is  rather  too  large  for  convenient  use,  and  consequently 
most  ol  the  working  maps  used  tor  reference  are  coDStructed  on 
a  scale  of  200  or  3('0  feet  to  the  inch.  Theae  maps  generally 
show  all  the  important  surface  features,  buildings,  streams,  loads, 
and  raUways,  as  well  as  the  underground  workings.  The  latter 
are  commonly  drawn  in  blue,  red,  or  green  ink.  When  several 
beds  ai«  woriced,  the  workings  are  shown  by  different  colours — ' 
a  device  especially  necessary  when  the  workings  on  one  seam  are 
above  or  below  those  opened  on  another  bed.  In  addition  to  the 
gener^  map  showii^  all  the  workings,  separate  maps  showing 
the  workings  on  each  seam  are  usually  made,  The  Hurvey-linea 
are  plotted  with  a  vernier- protractor,  or  a  protractor  of  very  , 
large  size,  and  the  results  checked  by  latitude  and  departure 
calculations.  Tracings  or  blue-prints  of  the  workings  are  supplied 
from  time  to  time  to  the  viewer.  When  not  in  use  the  phms  are 
stored  in  large  fire-proof  vaults.  The  survey-notes  are  copied 
into  office  record  books  for  future  reference.  With  the  exception 
of  the  work  done  by  the  U.S.  Coast  Survey,  no  other  surveys  in 
America  can  compare  in  accuracy  with  those  of  the  anthracite 
mines. 

The  sharp  foldings  of  the  carboniferous  strata  of  the  anthracite 
region  of  Pennsylvania,  have  made  the  study  of  the  structural 
geology  of  that  i^on  one  encompassed  with  great  difficulties. 
The  necessity  of  having  some  definite  information  regarding 
the  structure  of  the  coal  beds,  before  successful  mining  operationa 
can  be  prosecuted,  induced  Mr.  C.  A.  Ashbumec  *  to  introduce 
in  1880  a  new  method  of  representii^  on  surface  maps  the  under* 
ground  structure  of  the  coal  beds,  from  which  could  be  ascertained 
the  situation  of  the  outcrops  of  the  beds,  the  position  of  the 
synclinal  and  anticlinal  axes,  their  depths  in  special  coal  beds 
below  the  surface  of  the  ground,  and  the  dip  of  the  bed  from 
the  crest  of  the  anticlinal  to  the  bottom  of  the  synclinal.  This 
was  accomplished  by  contour  lines  drawn  along  the  Soor  at 
the  coal  beds.  The  contours  were  obtained  from  elevations 
determined  in  the  areas  where  the  coal  beds  were  mined,  and  from 
esploring  the  shafts,  bore-holes,  and  surface  exposures  in  the 
areas  where  no  extensive  mining  had  been  done.  In  areas  where 
no  unde^round  exploration  had  been  made,  the  podtions  of  the 
contours  along  the  floors  of  the  coal  beds  were  deduced  from  surface 
exposures  and  an  extension  of  the  Structure  from  exploied  areas. 

Importanee  of  Cwrect  Sectloas. — The  importance  of  keeping 

an  accurate  section  of  a  mine  is  shown  by  a  serious  accident 

*  Trmu.  Aattr.  Intt.  M.E.,  vol.  iz.,  1881,  p.  CO. 
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tliat  ooouired  at  Pantgwyn  mine.  On  February  17,  1886,  while 
thiee  men  were  at  work  sioking  a  new  fihaft,  water  broke  in 
Bnddenlj  and  unexpectedly,  and  drowned  them.  The  exact 
natms  of  the  casualty  will  be  best  understood  by  meane  of  Fig. 
149,  lepiesentii^  a  cross-section  of  the  min&  A  B  C  ia  the  old 
pompii^  and  winding  shaft,  sunk  perpendicularly  for  the  first 
20  fathoms,  and  then  following  the  dip  of  the  vein.  In  1884, 
omag  to  the  stopp^  of  some  neighbouring  mines,  the  pumping 
engine  at  Fantgwyn  was  unable  to  cope  with  the  water,  which 
gradually  filled  the  woiMngs.  The  owners  then  resolved  to 
sink  a  new  perpendicular  shaft  D  £,  and  provide  it  with  more 
,  powerful  pumping  machineiy.  It  was  intended  that  the  new 
shaft  shoidd  strike  the  Pantgwyn  lode  in  virgin  ground  below 
any  of  the  existing  workings,  which  were  to 
be  drained  gradually  by  percolation  of  the 
water  through  the  porous  vein-stone.  In 
February,  1^,  the  new  shaft  had  reached 
a  perpendicular  depth  of  62  fathoms  from 
the  surface.  The  old  shaft  was  then  supposed 
to  be  in  the  position  indicated  by  the  dotted 
lines,  and  the  distance  between  the  two  shafts 
at  F  was  reckoned  to  be  40  feet.  On  examin- 
ing the  shaft  as  soon  as  it  bad  been  cleared 
out,  the  Gkivemment  Inspector  of  Mines,  Sir 
C.  Le  Neve  Foster,  found  that  the  thickness 
of  the  barrier  was  only  9  feet ;  the  section  of 
the  mine  b^ng  incorrect.  It  naturally  ap- 
peared to  him  very  strange  that  such  an 
error  should  have  been  made  in  a  small 
survey  of  recent  date,  with  two  shafts 
less  than  60  yards  apart  at  the  surface, 
until  he  ascertained  that  the  inclination  of  the  shaft  had 
never  been  measured  below  the  40-fathom  level.  The 
drivages  at  the  55-fathom  level  and  the  70-fathom  level  had 
been  deliberately  laid  down  on  the  plan  just  as  if  the  shaft 
had  been  correctly  dialled.  The  primary  cause  of  the  accident 
was,  without  doubt,  the  want  of  a  correct  survey.  In  reporting 
on  this  accident.  Sir  C.  Le  Neve  Foster  points  out  specially  that 
it  was  not  a  case  of  approaching  old  workings,  whose  exact 
position  was  unknown,  or  imperiectly  known,  owing  to  the 
abandonment  having  t^en  place  before  there  was  any  statutory 
obligation  as  regards  the  keeping  of  plans ;  but  here  was  a  new 
shaft,  started  by  the  same  company  and  the  same  agent,  within 


Fig.  149. 
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60  yards  of  their  own  workiogB,  which  hod  been  discontinued 
only  a  few  montha  before. 

nnlfonDl^  of  Scale  and  Conventional  Sgns. — In  Belgium  and 
in  France  ihe  law  demands  that  all  mine  plans  sh^  be  laid 
dovm  on  a  scale  of  1 : 1,000.  The  surface  plan  is  prepared  on  the 
same  scale  as  tiiat  of  the  undeiground  woridi^B.  In  Prusma, 
the  scale  imposed  vaiies  in  the  different  mining  districts  from 
1 :  600  for  metalliferous  mines  up  to  1 : 1,600  foi  oollieriea.  In 
Austria,  the  scale  for  mine  plans  is  usually  1 :  720.  For  com- 
parison, it  may  be  added  that  the  scale  for  ct^ery  plans  in 
Great  Britain  must  not  be  less  than  1 : 2,600.  Previous  to  1888 
the  smallest  scale  allowed  was  1 : 1,584.  In  Ameiyta,  the  scale 
imposed  in  Pennsylvania  for  the  anthracite  mines  is  1 : 1,200. 
The  usual  scale  piesoribed  in  the  various  States  for  the  prelimi- 
nary plan  of  a  metalliferous  mine-claim  is  1 :  2,400. 

It  is  desirable  to  have  not  only  a  uniform  scale,  but  also  uni- 
formity in  the  conventional  signs  used  in  the  plans.  With  this 
aim,  typical  mine  plans  have  been  published  in  Belgium  by  Mr. 
J.  van  Scherpenzeel-Thim ;  in  Germany  by  Professor  Schmidt, 
of  the  Freiberg  School  of  Mines ;  in  Hungary  by  Mr.  P6ch,  the 
director  of  the  Schemnitz  mines,  and  in  Sweden  by  Mr.  G.  Nor- 
denetrdm.  In  Prussia  the  law  demands  uniformity  in  the  drawing 
of  mine  plans,  and  special  rules  are  issued  by  the  Govermnent 
for  the  purpose.  Unfortunately,  there  is  a  great  want  of  uni- 
fonnily  in  British  mine  plana  in  the  various  mining  districts. 
If  plans  were  always  drawn  after  the  same  model  it  is  evident 
that  the  working  would  be  more  uniform,  and  that  each  new 
mine-manager  would  bs  enabled  to  decipher  more  readUy  his 
predecessor's  work.  Tbe  owners,  and  other  persons  interested 
in  mineral  property,  would  thus  be  able  to  gain  a  clear  under- 
standing of^the  plana,  and  successive  generations  would  profit 
by  the  stores  of  information  thus  recorded.  Dniformity  of 
system  in  the  plans,  too,  greatly  facilitates  the.  oonstiuction  of 
general  maps  of  mimng  districts. 

PnswvaUon  of  Plans. — So  long  ago  as  1797  the  importanoe  of 
a  systematic  mapping  of  mines  was  urged  at  Newcastle  by  Hr. 
Thomas,  and  since  that  date  the  value  of  such  a  system  has 
frequently  been  dwelt  upon  for  the  purpose  of  diminishing  the 
probability  of  the  recurrence  of  fatal  accidents  in  collieries,  and 
of  prolonging  the  duration  of  the  coal  resources  of  the  United 
Kingdom.  It  is  always  a  matter  of  regret  that  faithful  records 
of  all  undeii^round  work  in  important  mining  districts  have  not 
been  carefully  preserved.    The  importance  of  the  pteeervation  of 
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such  records  was  strongly  urged  by  Mr.  T.  Sopvith  in  1844.  In 
the  United  Kii^dom  plans  of  all  abandoned  mines  are  now 
carefully  preserved,  l^e  Coal  Mines  Act,  1911,  requires  that 
wheie  any  mine  or  seam  is  abandoned,  the  owner  of  the  mine 
or  seam  at  the  time  of  its  abandonment  shall,  within  three  months 
after  the  abandonment,  send  to  th«  Secretary  of  State — 
(i)  An  accurate  plan  of  the  mine  or  seam,  showing — 

(a)  The  boundaries  of  the  workings  of  the  mine  or  seam, 

including  not  only  the  working  faces  but  also  all 
headings  in  advance  thereof,  up  to  the  time  of  the 
a^ndonment ; 

(b)  The  pillars  of  coal  or  other  mineral  remaining  unworked; 

(c)  The   position,    direction,    and   extent   of   every   known 

fadt  or  dislocation  of  the  seam  with  its  vertical 
throw; 
(lit)  The  position  of  the  workings  with  regard  to  the  surface 
boundary ; 

(e)  The  general  direction  and  rate  of  dip  of  the  strata; 

and 

(f)  A  statement  of  the  depth  of  the  shaft  from  the  surface 

to  the  seam  abandoned ;  and 

(ii)  A  section  of  the  strata  sunk  through,  or,  if  that  is  not 
reasonably  practicable,  a  statement  of  the  depth  of  the  shaft 
with  a  section  of  the  seam. 

Every  such  plan  must  be  on  a  scale  of  not  less  than  that  of 
the  Ordnance  Survey  of  twenty-five  inches  to  the  mile,  in  the  case 
of  a  mine  opened  before  the  passing  of  this  Act,  and  on  a  scale 
of  not  less  than  forty  inches  to  the  mile  in  the  case  of  a  mine 
opened  aft«r  the  passing  of  this  Act,  and  its  accuracy  must  be 
certified,  so  far  as  is  reasonably  practicable,  by  a  surveyor  pos- 
sessing the  prescribed  qualifications,  and  it  shall  be  of  a  durable 
character. 

At  the  Home  Office  the  mine  plans  are  preserved,  rolled  in 
cylindrical  lacquered  tin  oases,  closed  with  a  lid,  on  which  a 
number  is  painted.  The  cases  are  placed  side  by  side  on  shelves, 
so  that  their  numbeis  can  be  at  once  seen.  At  Freiberg  a  similar 
plan  is  adopted.  This  method  is  very  cumbrous.  A  better 
method  is  to  keep  the  plans  without  being  rolled  or  folded  in 
portfolios.  At  Pizibram,  in  Bohemia,  the  plans  are  kept  in  a 
nest  of  drawers,  each  drawer  formii^  the  frame  of  a  plan  placed 
between  two  sheets  of  glass. 
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Sopwith  entirely  diapoBsed  with  the  large  and  unwieldy  rolls 
ot  paper  on  which  the  workings  of  collieries  and  metalliferous 
mines  are  usually  projected,  by  drawing  the  plans  on  imperial 
drawing  paper.  Each  sheet  vaa  divided  into  squares  of  20  inches, 
forming  an  area  of  400  square  inches.  An  inch  mai^n  was 
left  at  the  top  and  bottom  of  the  sheet,  and  3  inches  at  one  side 
for  binding  a  series  of  plans  into  a  volume.  At  the  other  side 
,  a  ma]^n  of  1  inch  was  left,  with  a  column  5  inches  wide  for 
the  insertion  of  written  descriptions,  scales,  titles,  references, 
and  other  explanations  of  value  as  permanent  records,  with 
which  the  plan  itself  ought  to  be  encumbered  aa  little  as  possible. 
In  this  way,  plans  are  kept  perfectly  flat,  and  their  accuracy  is 
not  aSected  by  the  tension  of  the  paper  caused  by  frequent 
rolling.  Boiled  plans,  on  the  other  hand,  soon  become  so 
cracked  and  defaced,  as  greatly  to  impair  the  clearness  and 
accuracy  of  the  plotting,  whilst  their  bulk  is  a  hindrance  to 
frequent  inspection  and  to  the  plotting  of  new  workings. 

Practical  fflnts  lor  ConstiucUi^  Hne  Plans. — The  paper  on 
which  the  plan  is  drawn  should  be  the  best  hard  drawing-paper. 
If  plans  are  rei^uiied  on  canvas,  the  paper  should  be  mounted 
and  carefully  dried  before  the  plan  is  begun,  in  order  that  the 
contraction  in  drying  may  not  alter  the  lines.  To  mount  the 
paper,  a  piece  of  linen  or  calico,  rather  lai^er  than  the  plan  is 
required  to  be,  is  placed  on  a  tilted  table  with  a  flat  surface.  A 
atrip,  Ij  inches  wide,  at  the  edges  is  glued,  and  pressed  on  the 
table,  the  linen  being  at  the  same  time  pulled  tight.  With  la^e 
sheets,  two  persons  pulling  at  opposite  sides  are  required.  The 
paper  is  then  placed  with  its  right  side  on  the  linen.  Its  back 
is  then  pasted  until  the  paper  becomes  quite  limp,  with  the 
moisture  soaked  in.  The  paper  is  lifted  up  carefully,  and 
placed  with  the  pasted  side  on  the  linen,  and  pressed  from  the 
centre  to  the  edges.  The  rubbing-down  may  be  done  with  the 
hand  or  with  a  cloth ;  in  either  case  a  sheet  of  clean  paper  is  inter- 
posed. Paper  thus  mounted  may  be  drawn  upon  nearly  as  well 
as  when  stretched  on  a  board.  To  give  an  edge  for  the  T-square, 
if  required,  a  straight  edge  may  be  temporarily  nailed  on. 

If  several  sheets  of  drawing-paper  have  to  be  joined  end  to 
end,  the  edges  to  be  joined  should  be  reduced  to  half  their 
thickness.    This  may  be  done  with  a  knife  or  with  sand-papei^ 

In  mounting  and  joining  drawings,  a  great  deal  depends  on 
the  paste  em^o}'ed.  It  must  be  sufficiently  liquid  and  contain 
no  lumps.  To  prepare  it,  a  small  portion  of  good  starch  is  made 
into  a  perfectly  smooth  paste  with  as  small  a  quantity  as  possible 
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of  cold  water,  and  to  tliis  solation  boiling  water  it  poured  with 
continual  Btining  of  the  Btaich-paste  thufi  formed. 

Flans  may  be  varnished  by  applying  several  coats  of  isinglass 
siee,  allowing  each  to  diy  before  applying  the  next,  and  finishing 
with  a  coat  of  Canada  balsam  diliit«d  with  oil  of  turpentine. 

The  lead -pencil  used  for  plan-drawing  should  not  be  very  hard 
nor  very  soft.  The  degree  of  hardness  marked  HH  is  the  most 
suitable.  The  quality  may  be  tested  by  holding  the  point  in  a 
candle-flame.  Good  pencils  suffer  no  change  in  this  ezperimeat, 
whilst  bad  leads  bum  away  to  ash  with  a  sulphurous  odour.  It 
is  best  to  use  two  pencils ;  one  with  a  flat  or  chisel  point  for  line 
drawing,  and  one  with  a  point  in  the  shape  ot  a  very  acute 
cone  for  sketching. 

Short  lines  should  be  drawn  mth  the  reeling  parallel  ruler. 
The  plotting  scale  should  never  be  used  for  this  purpose.  Straight 
edges,  used  for  drawing  long  lines,  may  be  tested  by  drawing 
a  line  along  the  edge  of  the  rulei,  then  laying  the  ruler  on  the 
other  side  of  the  line,  with  the  ends  exactly  npon  it,  and  drawing 
a  line  in  the  same  manner.  If  the  straight-edge  is  true,  these 
lines  will  exactly  coindde ;  if  not,  the  error  is  rendered  apparent 
by  being  doubled. 

For  inMng-in  plans,  Indian  ink  ia  always  employed,  as  it  does 
nor  corrode  the  steel  points  of  the  instrument  and  preserves  its 
colour  unchanged.  The  best  ink,  as  imported  from  China,  has  a 
finely  granular  texture  and  a  conchoidal  iridescent  fracture. 
When  rubbed  with  water  on  a  slab,  it  is  not  gritty,  and  smells 
like  musk.  Inferior  ink  smells  like  camphor,  and  the  worst  ink 
smells  like  soot  and  glue.  The  latter  is  useless  for  plan-drawing, 
as  it  runs  when  other  colours  are  pfwsed  over  it.  Indian  ink 
is  prepared  for  use  by  rubbing  it  with  water  on  a  perfectly 
smooth  slab  or  saucer.  It  should  only  be  rubbed  backwards 
and  forwards,  as,  for  some  unexplained  reason,  rubbing  it  round 
and  round  hardens  it.  The  preparation  must  be  perfectly  black ; 
but  after  it  has  become  black,  further  mixing  renders  ii 
viscous. 

For  removing  pencil  lines  and  for  cleaning  the  paper,  native 
india-rubber,  vulcanised  india-rubber,  or  stale  bread  may  be 
employed. 

The  drawing  instruments  should  be  of  the  best  workmanship, 
as  accurate  results  cannot  be  obtained  with  imperfect  instru- 
ments. Very  few  instruments  are  required,  a  pair  of  compasses 
with  a  steel  drawing-pen  and  a  pencil-leg  to  fit,  and  a  diawing- 
pen  being  all  that  is  required  for  plan-di% wing.    Bow-compasses, 
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though  very  uBeful,  axe  not  la  dispensable.  A  pair  of  tuca-in 
oompasseB  constitutes  b  set  of  instrumeiitfl  sufficient  for  most 
mining  pniposes. 

The  best  compasees  are  those  which  are  sectoi-jointed.  The 
greatest  oaie  should  be  taken  to  clean  steel  drawing-pens  every 
time  they  ue  put  away,  and  common  ink  should  never  be  used 
in  them.  It  will  be  found  desirable  to  have  two  of  these  instni- 
ments,  one  for  fine  lines  and  another  for  thick  lines.  When  the 
proper  opening  for  fine  lines  has  been  found,  it  is  thus  unneces- 
sary to  change  it,  as  the  pen  can  always  be  cleaned  by  passii^  a 
piece  of  paper  between  the  nibs. 

The  most  useful  colours  for  mine  plans  are — for  surface  boun- 
dsries  and  nndergrouud  workings,  crimson  lake,  indigo,  cobalt, 
Pmsaian  blue,  burnt  aienna,  gamboge.  Purple  green,  and  other 
tints  may  be  obtained  by  mixing.  Opaque  colours,  such  as  ver- 
milion, red  lead,  and  ultramarine,  should  be  avoided.  The  end 
of  the  cake  of  colour  is  moistened,  and  rubbed  with  a  drop  of 
water.  This  is  afterwards  diluted  to  the  proper  tint.  The  art 
of  Uj^ng-on  a  fiat  tint  consists  in  allowing  the  coloured  water  to 
floT  uniformly  over  the  paper.  This  is  done  by  applying,  with  a 
Urge  camel's-haii  brush,  kept  always  moderately  full,  a  tint 
across  the  upper  part  of  the  portion  of  the  plan  to  be  coloured, 
and  by  continuing  it  downwards  from  right  to  left  and  left  to 
light  alternately,  never  letting  tike  edge  dry.  The  drawing' 
board  should  be  inclined  towards  the  draughtsman,  and  the  paper 
is  moistened  with  water  before  the  colour  ia  applied  if  the  portion 
to  be  coloured  is  irregular.  A  littie  prepared  ox-goll  uaeii  with 
the  oolours  obviates  the  difficulf^  which  often  arises  from  the 
smoothness  or  greasiness  of  the  paper.  It  is,  however,  almost 
imposmble  to  use  it  too  sparingly.  In  drawing  the  outiines,  care 
should  be  taken  that  there  is  always  a  piece  of  dean  paper 
between  the  hand  and  the  drawing,  in  order  to  prevent  any 
greaedneas  of  the  paper. 

Neat  and  distinct  lettering  is  very  essential  in  all  plans.  It 
frequently  happens  that  the  appearance  of  a  perfectly  accurate 
plan  is  absolutely  spoiled  by  a  badly  printed  title.  The  formation 
of  letters  requires  long  practice.  Lines  drawn  in  pencil  to  be  after- 
wards erased,  will  be  found  useful  as  guides.  No  style  of  lettering 
ie  more  effective  than  the  Egyptian  or  block  letters,  in  which  every 
line  is  of  the  same  width.  By  the  aid  of  copper  stencil  plates  a 
great  saving  of  time  is  effected  The  lettering  shoiUd  be  in  lines 
parallel  to  the  bottom  of  the  plan ;  except  the  names  of  lodes, 
rivers,  and  roads,  of  which  the  general  course  should  be  followed. 
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The  plan  may  be  enclosed  in- a  rectangle  by  a  border,  wluoli 
usually  consietB  of  two  parallel  lines,  one  heavy  and  the  other 
finer.  The  eim^est  border  is  the  best,  and  time  should  not  be 
wasted  over  ornamental  comere  to  embellish  the  plan. 

The  plan  is  usually  drawn  so  that  the  top  of  the  paper  repre- 
sents the  north.  Whether  this  is  the  case  or  not,  a  meridian* 
line  shoold  always  be  drawn.  The  north  paiat  is  sometimes 
drawn  in  the  form  of  an  ornamental  star.  When  it  represents 
the  magnetic  meridian,  the  abbreviation  mag.  mer.,  with  the  dat« 
and  declination,  should  be  written  by  the  side  of  it.  A  soale 
should  invariably  he  drawn  on  the  plan,  with  a  description  of 
it  written  above. 

Copying  Plans. — Plans  may  be  copied  by  means  of  geometrical 
methods  employed  to  determine  the  points  of  the  plan  by 
intei^ctions  or  by  coordinates.  The  operations  are,  however, 
very  tedious.  In  preference  to  geometrical  methods,  there  are 
several  mechanical  methods  which  should  be  employed. 

Copying  on  Tndng-Paper.  —  A  sheet  of  tracing-paper  or 
tracing-cloth  is  fastened  with  drawii^-pins  over  the  plan  to  be 
copied.  The  lines  are  then  copied  in  indian  ink,  a  set  square 
being  used  for  ruling  the  straight  lines.  The  tracing  is  mounted 
on  white  paper,  and  colour  is  then  applied.  If  tracing-cloth  is 
used,  it  will  be  found  advisable  to  use  the  dull  side  of  the  cloth 
as  the  drawing-surface.  In  copying  plans  on  tracinn- cloth,  con- 
uderable  difficulty  is  experienced,  owing  to  the  greasy  nature 
ol  the  surface,  in  getting  the  ink  to  run  freely.  This  can  easily 
be  obviated  by  sprinkling  the  surface  of  the  cloth  with  finely- 
powdered  chalk  or  pipeclay.  The  powder  should  be  well  rubbed 
over  the  cloth  and,  finally,  no  loose  powder  left. 

Ctqiying  by  Transfer.  —  The  transfer-paper  used  for  this 
purpose  is  made  of  thin  tissue  paper,  one  side  of  which  is 
rubbed  with  black-lead  powder,  smoothly  spread  with  a  cotton 
lag.  The  transfer-paper  is  placed  with  Its  prepared  face  down- 
wards on  the  clean  paper.  Over  it  is  placed  a  tracing  on  paper 
of  the  plan  to  be  copied,  and  all  the  lines  are  gone  over  with 
an  agate  point,  or  other  blunt-pointed  instrument.  In  this 
way,  a  copy  of  the  original  plan  is  obtained  in  black  lines,  which 
may  he  afterwards  inked  in. 

Pilckfng-Thnn^h. — In  this  method,  the  clean  paper  is  fixed 
on  a  drawing  board,  and  the  plan  over  it.  All  the  ai^ular  points 
in  the  latter  are  then  pricked  through  with  a  very  line  needle. 
The  points  obtained  on  the  clean  paper  in  this  way  are  joined 
up,  and  the  |Jan  inl^d  in 
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(k^Vlng  by  Phot<^p»phy.  —  Photographic  procesaea  present 
the  advantages  of  rapidity  and  fidelity  of  reproduction.  The 
apparatoB  neceesaiy  inoludes  thin  bluish  tracing -papei,  printing 
frameB  of  thick  plate-glass  hinged  at  the  back,  with  a  jaece 
of  thick  Boft  felt  for  equalising  the  pressure  exerted  by  the  springs 
or  clamps,  a  deyelopng  bath,  non-actinic  lighting  arrangements 
(yellow  window  blinds  by  day,  and  a  niby  lantern  by  night),  and 
cases  for  storing  paper.  Instead  of  springs  or  clamps  on  the 
printing  frame,  nse  may  be  made  of  Street's  pneumatic  frame, 
with  an  air  cushion,  inflated  by  blowing,  pressing  uniformly  over 
the  whole  surface  of  the  frame. 

The  process  moat  commonly  used  is  the  cyanotype  sendtising 
process,  invented  by  Sir  John  Eeischel.  White  lines  are 
produced  on  a  blue  ground  with  a  solution  of  140  grains  of  ferric 
anunonic  citrate,  120  grains  of  potasaic  ferri-cyanide,  and  2  ozs. 
of  distilled  water.  The  solution  should  be  kept  in  a  stoneware 
vessel.  This  process  depends  upon  the  action  of  light 
reducing  the  ferric  salts  to  the  ferrous  state  under  certain 
conditions,  one  of  which  is  the  presence  of  organic  matter, 
such  as  the  size  contained  in  the  paper.  The  ferrous  salt 
then  combines  with  the  potassic  salt  to  form  insoluble  Prussian 
blue. 

In  these  processes  a  sheet  of  paper,  a  little  lai^er  than  the 
tracing  to  be  copied,  is  fixed  on  a  board,  and  with  a  sponge 
a  thin  uniform  coating  of  the  liquid  is  applied  as  rapiiSy  ac 
possible,  and  allowed  to  stand  in  non-actinic  light  until  perfectly 
dry.  The  tracing  is  placed  against  the  glass  of  the  printing 
frame,  and  at  the  back  of  the  tracing  the  prepared  sheet  is 
placed.  The  frame  is  then  exposed  to  light  until  the  prepared 
sheet  becomes  of  a  dark  olive-green  colour.  The  sheet  is  then 
removed  from  the  frame,  and  thoroughly  washed  in  pure  water 
for  a  few  minutes  until  it  assumes  a  characteristic  shade  of 
blue. 

On  the  Ordnance  Survey,  Wilha'  platinotype  process  is  em- 
ployed. It  gives  white  lines  on  a  black  ground,  and  is  based  on 
the  reducing  action  of  a  ferrous  salt,  when  exposed  to  actinic 
light,  on  platinum  chloride.  The  sensitising  solution  is  com- 
posed of  60  grains  of  potassic-platinous  chloride,  60  grains  of 
ferric  oxalate,  and  1  oz.  of  water.  The  exposure  lasts  until  the 
paper  acquires  a  dull  orange  tint.  It  is  then  developed  in  non- 
actinic  light  by  floating  it  for  i  seconds  in  a  solution  of  130  grains 
of  potassio  oxalate  and  1  oz.  of  water  at  a  temperature  of  150° 
to  200°  F.     When  properly  developed,  the  print  is  washed  for 
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10  minutes  in  1  part  of  hfdiochlono  add  yifth  60  paEts  of 
water,  and  finally  washed  in  relays  of  fresh  water,  foi  15 
uinutes.* 

Bedodng  and  KnUiging  Ptam, — A  plan  may  be  redumd  oz 
enlarged,  W  taking  from  the  original  a  fa^otion  of  the  dimenaioni 
as  required.  For  this  purpose  proportional  compasses,  or  scales, 
may  be  employed.  A  very  rapid  method  of  reducing  or  en< 
Urging  plans  consists  in  covering  the  origioal  with  a  network  ct 
squares,  and  the  copy  with  a  network  of  squares  haying  their 
sides  smaller  than  those  oi  the  original  squares  in  the  proportion 
in  which  ihe  plan  is  to  be  reduced.  The  details  may  l&en  be 
aketohed  in  by  the  eye.  This  method  may  also  be  used  for 
copying  jdans  on  the  same  scale. 

Flans  may  be  reduced  by  mechanism  by  means  of  instru- 
ments called  the  -pantogra/ph  and  eidograjih.    The  pantograph  is 
made  in  various  forms.      It  consists  essentially  of  four  brass 
rulers,  ED,  D  B,  VG,  and  G  C,  Fig.  160,  jointed  together  at 
F,  D,  C,  and  Q,  so  as  to  form  a  parallel  (^lam.     The  two  sides 
D  C  and  D  F  are  extended  to  double   their 
length.    The  side  F  Q  and  the  branch  F  E  are 
marked   with    successive  divisions,   FP   being 
to  DP  always  in  the   ratio  of  FA  to   DT. 
Small  sockets  for  holding  a  pencil  or  tracii^ 
point  are  placed  at  F  and  T.    The  point  A  is 
made  the  centre  of  motion  and  rests  on  a  ful- 
crum weight.     From  the  property  of  simihir 
Fig.  160.         triangles,  the  three  points.  A,  F,  and  T  must 
range  in  the  same  straight  line,  shown  by  the 
dotted  line  PAT,  which  is  divided  at  A  in  the  ratio  required. 
Thus,  while  the  point  T  is  moved  over  the  lines  of  the  plwi,  the 
point  P  will  trace  out  a  similar  figure  reduced  in  the  proportion 
of  T  A  to  A  F  or  of  I)  F  to  F  P,  the  proportion  required 

The  eidograph  is  more  complicated  in  construction.  Although 
not  so  frequently  used  as  the  pantograph,  it  is  superior  to  that 
instrument,  within  the  range  of  its  working  powers,  which  may 
be  considered  to  be  limited  to  reducing  between  the  full  size  ot 
the  original  and  onethiid  of  the  sine.  Its  great  merit  Is  that 
within  its  range  it  reduces  accurately  in  all  proportions ;    for 

■  Eight  other  prooesaeB  for  the  tdiotogiaphio  oopying  of  engineering 
drawings  ue  desoiibed  hj  B.  H.  Thwaite,  Min.  Proc.  Inal.  C.E.,  vol. 
IxiztL,  1B86,  p-  312,  At  the  Tamuaok  mine  the  plans  are  photographed 
every  month.     A  oontinooai  nwonl  ia  thus  obtained  irith  plana  of  eon' 
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instance,  it  ^11  Teduce  in  the  proportion  of  9  to  25  aa  readily  as 
1  to  2.* 

Plans  may  be  enlarged  by  any  of  the  methods  given  foi 
reducing  them.  It  is,  however,  always  better  to  make  a  fresh 
plan  from  the  original  notes. 

Isometric  Plans  of  Mines. — The  kind  of  drawing  adopted  for 
representing  the  interior  of  mines,  and  the  vertical  surfaces  of 
sections  of  strata,  is  that  which  supposes  the  eye  of  the  observer 
to  be  placed  in  a  direction  exactly  perpendicular  to  every  part  of 
the  plane  represented.  In  this  way,  two  drawings  sre  necessaiy-<- 
the  ground  plan  and  section.  By  means  of  isometric  projection, 
these  drawings  may  be  embodied  in  one,  in  which  all  the  lines  of 
the  projection  fcay  be  meaauied  by  a  uniform  scale. 

A  solid  body,  the  chief  planes  of  which  are  at  right  angles,  the 
cube  lor  instance,  is  to  be  so  placed  that  the  three  planes  which 
meet  t<^ether  at  one  comer  are  equally  inclined  to  the  hori- 
zontal plane,  that  is  the  plane  of  projection.  The  three  lines 
which  meet  at  that  comer  will  then  be  projected  so  as  to  form 
three  equal  angles  of  120°  each,  and  will  be  the  plans  of  the 
three  ed^es  of  the  cube.  The  plans  of  the  oppo^te  edges  will 
be  parallel  to  these,  and  hence  it  follows  that  in  isometric  projec- 
tion all  angles  which  are  in  reality  right  angles  are  projected  into 
angles  of  120°  or  60°.  , 

In  making  an  isometric  plan  of  a  mine,  three  lines  must  first 
be  drawn,  making  angles  of  120°  with  one  another,  for  the  plans 
of  three  edges  of  the  solid,  in  which  it  is  imagined  that  the 
mine  is  enclosed.  An  isometric  scale  must  then  be  constructed, 
80  that  the  isometric  lengths  of  the  required  edges  may  be 
found.  When  found,  these  are  measured  on  the  lines  drawn  from 
their  plans,  and  the  drawing  is  completed  by  parallels. 

It  is  known  that  the  relation  of  a  line  to  its  isometric  projec- 
tion is  as  \/3  to  \/fS.  To  construct  an  isometric  scale,  two  lines 
must  therefore  be  drawn  in  this  ratio.  For  this  purpose,  a  lino 
1  unit  in  length  is  taken,  and  at  one  end  of  it  a  perpendicular 
is  erected  of  the  same  length,  and  the  ends  joined.  The  hypo- 
thenuse  of  this  right-angled  triangle  will  represent  i/2  (Budid 
I.,  47).  If  from  one  end  of  this  line  representing  y/2  a  perpen- 
dicular 1  unit  in  length  is  erected,  and  this  triangle  completed, 
the  hypothenuse  will  represent  ^3.  Two  lines  are  thus  obtained 
representing  ^2  and  V3  in  the  required  relation  for  the  scale, 
and  if  the  rei^  lengths  of  the  edges  be  measured  along  v^3  and 
•A  full  deacriptitm  of  this  inBtrument  ii  given  in  W.  P.  Stanlsj'a 
MaOematicat  Drawing  Instmmeatt,  London,  1900,  p.  130. 
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perpendiculara  dropped  from  their  ends  to  ■^%  the  parts  theieby 
intercepted  will  be  the  isometric  plans  of  the  required  edf^ea. 

Id  maldng  an  isometric  plan  of  s  mine,  it  is  deHrable  that  a 
north  and  south  line  may  form  one  side  of  the  supposed  isometrio 
square  that  regulates  the  drawing,  the  cross-lines  being  of  oonise 
east  and  west.  The  survey  must  be  plotted  by  means  of  the 
calculated  latitudes  and  departures,  the  distances  being  set  ofi 
along  the  edges  of  isometric  squares.  This  method  is  of  great 
value  for  elucidating  questions  of  stratigraphy  and  for  solving 
[OobleniB  relatHig  to  the  intersection  of  lodes.  The  necessity  of 
referiii^  every  object  to  an  isometric  plane,  however,  renders  its 
application  to  all  the  minute  details  of  extend ve  subterranean 
world  ngs  not  only  tedious  and  difficult,  but  also  less  explanatory 
than  the  ground  plans  and  sections  in  common  use.* 

Relief-Plans  and  Hins  Modsb. — Instead  of  use  bdng  made  of 
isometric  projection  for  representdng  the  three  dimendons  of 
mine-worldngs  on  a  plan,  it  is  frequently  necessary  to  construct 
a  relief-plan  or  model  of  wood,  plaster,  concrete,  glass,  or  wice. 

When  a  plastic  material,  such  as  clay,  wax,  or  putty,  is  used, 
metal  or  wooden  pins  are  driven  into  the  base  or  level  datum 
l^ane  of  wood,  the  top  of  the  pins  giving  the  elevations  required. 
A  contour  plan,  of  the  same  horizontal  soale  aa  that  selected  for 
the  model,  is  fimt  spread  upon  the  base-board.  The  pins  are  then 
driven  firmly  through  the  contour  lines  into  the  board,  the  tops 
left  standing  at  a  sufficient  distance  from  the  Utter,  to  represent 
the  height  of  the  various  contour  lines,  according  to  the  vertical 
scale  adopted  for  the  model.  After  the  pins  are  all  properiy  set, 
the  plastic  material  is  worked  into  position  over  and  thoroughly 
covering  the  pins.  The  process  was  employed  in  the  construction 
of  a  model,  exhibited  at  the  Paris  Exhibition  of  1878,  representing 
the  No.  8  seam  of  the  Loire  collieries,  which  is  intersected  by 
an  inextricable  network  of  faults  of  diSeient  ages.  The  model 
was  constructed  for  the  instruction  of  mine-deputies,  who  find 
it  difficult  to  follow  the  dislocation  caused  by  these  faults, 
more  especially  the  dislocations  of  faults  by  other  faults  of 
different  age. 

This  method  was  also  employed  by  Mr.  C.  A.  Ashburner  in 
the  construction  of  an  interesting  model  of  the  Panther  Creek 
Coal  Basin,  Pennsylvania,  showing  the  shape  of  the  floor  of  the 
bed.  After  the  construction  of  contours  in  explored  areas,  the 
most  important  aid  to  the  determination  of  the  geolof^ca)  strue- 
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ture  of  the  coal  beds  in  areas  where  surface  exposuiea  cannot  be 
obtained,  is  the  construction  of  a  model  with  the  vertical  and  hori- 
zontal scales  the  same.  The  first  aiea  so  mapped  in  Pennsylvania 
was  the  Panther  Creek  Basin,  one  of  the  most  comfdicated  basins 
of  the  anthracite  district  of  that  State.  Many  of  the  dMculties 
were  not  understood  until  a  model  was  made  of  the  fioor  of  the 
Mammoth  coal  bed,  the  thickest  and  moat  valuable  bed  mined  in 
Pennsylvania.  A  map  was  first  made  on  a  scale  of  800  feet  to 
the  inch,  upon  which  oontoui  lines  were  shown  along  the  floor  of 
the  Mammoth  bed,  60  feet  vertically  apart,  in  the  areas  worked 
and  explored.  In  the  areas  included  between  the  two  classes, 
theoretical  contour  lines  were  drawn  on  the  map,  in  accordance 
with  the  dip  of  the  exposed  strata.  Thus,  the  filial  model,  made 
in  wood  and  wax,  not  only  formed  a  graphic  representation  of 
the  structure  of  the  strata  in  a  highly  plicated  district,  but  also 
proved  of  great  value  in  the  definition  of  its  geological  structure, 
and  in  the  deduction  of  many  conclusions  a&ecting  the  amount 
of  coal  contained  in  this  coal  basin,  and  the  proper  methods  to 
pursue  in  its  ultimate  nuning. 

The  method  adopted  by  Mr.  T.  Sopwith  in  the  construction  of 
his  well-known  models  was  as  follows : — A  square  representing  a 
portion  of  the  mining  district,  one  mile  in  extent,  is  divided  into 
64  squares  by  parallel  lines  a  furlong  apart.  Seotions  along  the 
eighteen  lines  are  drawn  and  cut  out  in  pasteboard  or  in  thin 
plates  of  copper.  These  are  then  joined  crossways  by  half- 
lapping- — that  IS,  by  cutting  each  section  half-way  down — where 
it  crosses  another  section  cut  in  the  same  way  on  the  other  edge. 
The  model  of  hollow  squares  thus  formed  w  placed  on  a  plane 
surface,  and  the  spaces  are  filled  in  with  wood  or  plaster,  carved 
or  moulded,  so  as  to  represent  the  surface.  The  model  of  part  of 
the  lead-mining  district  of  Alston  Moor,  in  Cumberland,  exhibited 
in  the  Museum  of  Practical  Geology,  in  London,  was  constructed 
by  this  method  by  Mr.  Sopwith.  The  model  shows  the  thick- 
ness and  dip  of  the  limestone,  sandstone,  and  clay  beds.  The 
mineral  veins  are  seen  on  the  sides  of  the  model  dipping  in  nearly 
a  vertical  direction  through  the  various  strata. 

Probably  the  best  method  of  constructing  rehef  plans  is  that 
adopted  by  Mr.  M.  Moulton  in  1876  for  a  map  of  the  State  of 
New  Hampshire.  The  map  was  16  feet  long,  the  highest  eleva- 
tion being  6J  inches  above  the  datum.  From  a  copy  of  the  map 
of  the  State  on  tracing-cloth,  the  datum  sea-level  line  and  the 
contour  line  next  above  it,  were  transferred  through  the  cloth  on 
to  a  layer  of  wood,  ^  inch  in  thickness,  of  the  same  size  as  the 
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map.  The  outside  line  was  drawn  in  blue  and  the  inside  in  led. 
The  outer  contour  was  then  cut  Tound  with  a  fret-saw,  thus 
bieaking  oS  the  wood  outside  the  sea-level  line.  The  pedestal 
on  which  the  map  was  to  be  fixed  then  received  the  first  layer  of 
wood.  The  nest  layer  was  then  prepared  foi  sawing,  as  in  the 
first  case,  the  outside  line  being  the  first  600-foot  contour  and 
the  inside  or  red  line  the  next  above.  This  having  been  out  out 
with  the  saw,  it  was  nailed  and  glued  to  the  first  layer,  its  position 
being  fixed  by  the  red  line  on  the  latter.  Throughout  the  work 
the  red  lines  served  as  guides  by  which  each  succesaive  layer 
was  properiy  placed.  Alter  three  layers  were  fixed,  the  steps 
were  carved  oft  to  produce  smooth  slopes  at  angles  corresponding 
to  those  of  the  map.  Each  succesaiTe  group  of  three  layers  was 
treated  in  the  same  way. 

A  complete  view  of  the  nature  of  a  mineral  vein  and  of  the 
excavations  upon  it,  is  given  by  a  model  constructed  by  Mr. 
T.  B.  Jordan,  in  the  Museum  of  Practical  Greolc^y.  The  workings 
of  each  successive  stage  of  10  fathoms,  are  laid  out  on  a  sc^e 
of  10  fathoms  to  the  inch  on  a  horizontal  frame  of  light  wires 
crossing  at  intervals  representing  10  fathoms,  and  the  portions 
of  the  vein  which  have  been  worked  between  the  levels  are  shown 
in  their  true  position.  Hence,  on  looking  down  from  above, 
the  eye  may  trace  all  the  bendings  of  the  lode,  and  can  appreciate 
the  comparative  richness  and  poverty  of  difFerent  parts.  The 
model  represents  the  Holmbush  mine,  in  Cornwall,  a  mine  of  a 
complicated  character  from  the  occurrence  of  workings  on  crose- 
courses  aa  well  as  on  lodes.  The  excavations  made  are  repre- 
sented in  colours,  while  the  solid  ground  is  left  blank. 

The  workings  on  each  vein  are  distinguished  by  a  special 
colour.  Although  afiording  a  perfect  view  of  the  general  ar- 
rangement of  a  mine,  this  method  is  too  cumbrous  and  expensive 
to  be  generally  employed. 

An  excellent  method  of  constructing  mine  models  is  illustrated 
by  three  models  of  Austrian  salt  mines  exhibited  in  the  Museum 
of  Practical  Qeology.  These  models  are  constructed  to  a  uniform 
scale  of  400  feet  to  1  inch.  The  irregularities  of  the  surface  of 
the  ground  are  represented,  and  central,  transverse,  and  longi- 
tudinal sections  are  drawn  on  the  sides  of  each  model.  On 
removing  the  tops  of  the  models,  representing  the  surface,  the 
workings  on  the  different  levels  are  seen  plotted  on  plates  of 
glass,  fixed  at  the  proper  height,  one  above  the  other.  The 
colours  of  the  worldngB  shown  on  the  glass  plates,  correspond 
with  those  of  the  named  levels  on  the  longitudinal  sections.    An 
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outer  line,  drawn  in  discontinuous  bus,  shows  the  extent  of  the 
deposit  of  salt  at  each  level.*  A  fine  model  of  this  kind,  repre- 
senting the  Copper  Queen  Mine,  Arizona,  was  exhibited  in  1893 
at  the  Chicago  Exposition. 

At  the  Stockholm  School  ol  Mines,  the  students  are  trained 
in  the  representation  of  mine  workings  on  sheets  of  glasa.  The 
advantage  of  the  method  is  the  power  of  simultaneously  repre- 
senting the  undei^round  workings  and  the  surface. 

Dnring  the  last  thirty  years  mine  models  have  been  largely 
used  in  Sweden.  They  are  of  two  types.  When  a  model  is  to 
be  made  of  a  mine  with  a  small  number  of  levels  (6  to  8),  the 
contours  of  the  working  areas  and  the  geological  conditions  in 
each  level  are  painted  in  oil-colours  on  glass  pistes.  Then  these 
glass  plates  are  placed  one  above  the  other,  and  at  a  distance 
&om  each  other  exactly  in  proportion  to  the  distance  between 
the  diSerent  levels  represented,  so  that  each  glass  will  have  a 
perfectly  true  position  in  relation  to  the  others. 

If,  on  the  other  hand,  a  model  is  to  be  made  of  a  mine  with  a 
larger  number  of  levels,  these  glass  models  cannot  be  used,  on 
account  of  the  diCBcuIty  of  seeing  through  a  number  of  super- 
imposed sheets  of  glass.  Another  method  must  be  resorted  to. 
The  difierent  levels  are  cut  out  of  stiff  white  pasteboard  on 
which  the  ores,  etc.,  are  marked  with  the  proper  colours.  Then 
these  sections  are  fastened  on  squares  of  wire'  stretched  on 
wooden  frames,  which  are  placed  one  over  the  other  so  that  each 
will  have  its  exact  position  in  relation  to  the  others. 

In  addition  to  the  practical  value  and  advantage  of  mine 
models  to  the  geologist  and  miner,  such  models  will  frequently 
be  found  of  great  advantage  in  suits  at  law,  in  settling  mining 
claims  and  damages  in  dispute,  when  ordinary  plans  are  ud- 
avEuIing.f 

Mine  Plans  In  th«  Upper  Han.— During  recent  years  the  plans 
of  the  Upper  Haiz  metal  mines  have  been  thoroughly  revised 
by  Professor  0.  Brathuhn.  All  the  measurements  have  been 
referred  to  one  system  of  co-ordinates  and  to  a  common  datum 
line.  As  origin  for  the  system  of  co-ordinates  the  centre  of  the 
stone  pillar  in  the  Clausthal  Magnetic  Observatory  was  selected, 

■Ths  method  of  working  these  minM  ii  full;  dewribed  by  Mr.  H. 
Baoennaii  in  A  Dtaeriplive  Catalogue  of  the  OeoUiffieal,  Mimng,  and  Mttal- 
lurgical  Model*  in  1A«  Jfuwum  of  Practical  Oeoiogy,  London,  1866. 

t  On  the  constmotion  of  modeU,  see  A.  E.  Lebnuui,  Tram,  Amer.  Inil, 
M.E..  vol.  liv.,  ISSe,  p.  439;  0.  B.  Harden,  ib.,  vol.  x.,  p.  264:  L.  M. 
Hanpt,  r*e  rofoffrapier.  New  York,  1883. 
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and,  as  absciBsn  axis,  a  line  whose  azimuth  maikes  an  angle  of 
30°  with  the  meridian  of  the  origin.  The  consequence  is  that 
the  abficisase  axis  is  at  right  angles  to  the  strike  of  most  of  the 
veins  worked.  The  datum  line  was  taken  at  600  metres  above 
sea-level,  and,  consequently,  all  the  workings  are  below  it,  and 
only  negative  heights  have  to  be  dealt  with.  In  connection 
with  the  triangulation  of  the  State  Survey,  a  network  of  small 
triangles  was  lud  over  the  whole  region.  All  the  triangulation 
points  are  caiefully  marked  with  stones,  and  form  an  excellent 
basis  for  all  future  surveys.  The  number  of  stations  thus  marked 
amounts  to  200.  For  the  underground  surveys  the  theodolite 
was  used  exclusively,  and  the  method  of  working  with  fixed 
points  was  adopted,  as  local  conditions  render  this  most  suitable. 
At  each  level  a  large  number  of  angle-points  remain  marked  in 
the  hard  rock,  and  these  may  be  used  for  connecting  subsequeot 
surveys.  Orientation  was  effected  by  means  of  ^e  magnetic 
needier  \o  other  method  could  be  used,  inasmuch  as  the  con- 
nection between  the  surface  and  underground  surveys  had  usually 
to  be  carried  out  by  means  of  one  inclined  shaft.  The  magnetic 
theodolite  was  used,  in  which  the  magnetic  needle  is  suspended 
by  a  cocoon  fibre,  and  provided  with  a  collimation  arrangement. 
For  the  observation  of  the  variation,  two  declinometers,  a  re- 
cording and  a  Gauss  reading  declinometei,  'were  provided.  The 
determinations  of  heights  were  effected  in  the  levels,  which  are 
usually  horizontal,  by  geometrical  levelling,  in  the  inclined 
shafts  by  means  of  steel  measuring  rods,  the  parts  of  which 
can  be  screwed  t<^ether  as  required,  and  in  the  perpendicular 
shafts  by  means  of  a  suspended  plumb-line.  There  was  rarely 
need  to  have  recourse  to  trigonometric  levelling.  The  special  ,  i 
mine  plans  are  drawn  to  a  scale  1  to  600  on  sheets  measuring 
50  cm.  by  70  cm.  (19-7  in.  by  27-5  in.).  A  separate  plan  is  pre- 
pared for  each  level,  and  the  woridngs  are  shown  by  means  of  i 
dotted  lines  on  the  plan  of  the  next  level.  The  number  of  sheets 
amounts  to  270.  Besides  these,  general  plans  to  the  scale  of  1  to 
2,000  are  contemplated.  The  elaborate  system  of  water  supply  ' 
for  the  Upper  Harz  mines  is  shown  on  a  separate  plan  and  section  | 
drawn  to  the  scale  of  1  to  12,600.  A  relief  plan  showing  the 
district  adccted  by  the  water  supply  has  also  been  prepared  on  | 
a  scale  of  1  to  12,600.  i 
Colliery  Plans  la  Westphalia. — In  the  course  of  an  exhaustive  I 
account  of  the  Saarbriidien  and  Westphalian  collieries,  Mr.  V. 
Waltl  describes  in  detail  the  methods  of  mine-surveying  in 
vogue  in  those  districts,     Por  the  whole  o|  the  Saarbriickei}             I 
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coalfield  co-oTdinates  have  been  determined,  the  base  line  of 
which,  the  ordinate  axis,  forms  an  angle  of  62°  46'  44"  with  the 
astronomical  meridian.  This  base  line  is  parallel  to  the  main 
strike  of  the  Beams.  AJl  surface-  and  underground- surveys  aw 
referred  to  these  co-ordinates.  At  surface,  triangulation  points 
are  determined,  and  these  are  connected  by  traversing.  Under- 
gronnd-BTirveys  of  slight  importance  are  made  with  the  compass. 
This  is  graduated,  according  to  the  usual  German  method,  in 
twice  twelve  hours.  [The  fixed  points  in  the  mines  are  indicated 
by  brass  marks  in  the  rocj  oi  floor.  More  important  length 
measurements  are  made  with  a  30-metre  steel  band,  which  is 
used  in  conjunctioD  with  a  dynamometer  in  order  to  show  the 
tension  of  the  band.  For  accurate  measurements  the  Bonn 
Mining  Department  prescribes  measurements  with  rods  along  a 
stretched  cord.  Compass-surveys  are  plotted  with  the  pro- 
tractor, the  compass  plotting-instrument  having  fallen  into 
disuse.  For  important  operations  a  theodolite,  reading  to  thirty 
seconds,  is  used,  the  horizontal  circle  being  divided  into  360  . 
Theodolite-surveys  are  invariably  worked- out  trigonometrically, 
and  plotted  by  means  of  co-ordinates.  Heights  are  determined 
with  a  levelling  instrument,  and  referred  to  sea-level.  For  the 
use  of  the  mine- surveying  office  plans  are  prepared  on  a  scale  of 
1  to  1,000.  These  are  known  as  fundamental  plans.  They  are 
covered  with  squares  representing  distances  of  60  metres  or 
100  metres.  From  these  fundamental  plans  all  other  plans  are 
reduced  by  the  pantograph.  These  include  the  working  plans 
on  a  scale  of  1  to  4,000  for  the  colliery  managers,  and  on  a  scale 
of  1  to  2,000  for  the  overmen,  and  ventilation  and  drainage 
plans  on  a  scale  of  1  to  2,000  to  at  most  1  to  4,000.  These  are 
frequently  mounted  on  cardboard.  Coalfields  maps  are  plotted 
on  a  scale  of  1  to  10,000. 

Hloe  Plans  in  Sweden. — According  to  the  regulations  of  the 
Swedish  Mining  Act,  all  plans  and  sections  of  ore  mines  must  be 
drawn  on  a  scale  of  1  to  SOO,  and  must  be  made  in  conformity 
with  8  Normal  Map,  drawn  up  by  the  Mining  Department.  All 
shafts  and  other  excavations  must  be  shown  on  the  plans. 
Further,  both  the  parts  of  the  excavation  where  ore  of  difierent 
kinds  occur  and  that  occupied  by  the  country,  gangues,  dykes, 
etc.,  must  be  distinctly  marked  with  certain  speciEed  colours. 
It  is  decreed  that  do  more  than  one  horizontal  section  may  be 
drawn  on  each  sheet,  and  this  rule  has  been  followed  in  Sweden 
ever  eince  mine  plane  first  came  into  use  in  1628.  The  mine 
plans  made  in  this  way  give  s  very  clear  idea,  not  only  of  the 
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configuratioD  of  the  ezoaTatdoc,  but  also  of  the  mode  of  occtmence 
tft  the  ores  costained  in  the  mine. 

According  to  the  Miniog  Act,  it  is  also  decreed  that  all  mine 
pUn§  muat  be  drawn  in  duplicate.  One  of  theae  copies  is  to  be 
kept  at  the  mine,  and  the  othei  is  to  be  forwarded  to  tlie  Office 
of  Mine  Mape  belonging  to  the  Board  <^  Tiade  at  Stockholm, 
when  there  is  thus  a  complete  collection  of  all  the  mine  plans 
in  the  country.  It  is  also  prescribed  that  in  all  mines  which 
are  being  worked  every  new  piece  of  work  must  be  surveyed,  at 
the  latest,  in  the  year  after  it  is  begun,  and  it  is  the  mine-owner's 
duty  to  forward  these  supplementary  surveys  to  the  Office  of 
Mining-Maps,  so  that  the  collection  of  plans  at  this  office  is 
revised  from  year  to  year. 
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CHAPTER  XXIL 

Applications  of  the  Maokktic-Nkedle  in  Mininq, 

Exploring  for  Iron  Ore. — In  exploring  for  magnetic  iron  ores, 
the  nu^netic-needle  aSorde  valuable  aid,  and  liaa  been  employed 
for  that  puipose  in  Sweden  and  in  the  United  States.* 

The  theory  of  its  use  is  based  upon  the  fact  that  certain 
minerals  deposited  in  the  earth  become  magnetic  by  induction 
under  the  influence  of  the  earth's  magnetism,  and  that,  conse- 
quently, the  two  poles  are  fixed  in  the  direction  of  the  magnetic 
meridian,  or,  moie  exactly,  in  the  direction  of  the  magnetic 
inclination  at  the  opposite  ends  of  the  deposit.  It  is  veil  ^lown 
that  there  are  subBtances,  snch  as  steel  and  magnetite,  exhibiting 
polai  magnetism — that  is  to  say,  they  retain  the  magnetism  once 
acquired  even  if  the  inducing  force  ceases  to  act.  Other  sub- 
Btances, such  as  soft  iron  and  magnetic  pyrites,  exhibit  simple 
magnetism ;  in  other  words,  they  are  magnetic  only  so  long  as 
the  induction  remains. 

The  intensity  of  the  magnetism  exhibited  by  deposits  of  mag- 
netite varies  greatly,  and  is  frequently  so  slight  that  only 
delicate  instroments  and  practised  observers  can  detect  it;  in 
other  cases  the  needle  is  affected  at  considerable  dlBtances.  It 
must,  of  course,  be  remembered  that  a  given  magnetic  force 
afiects  the  needle  to  exactly  the  same  debtee  through  100  feet  of 
rock  as  through  the  same  instance  of  air. 

If  the  magnetic  nori^h  pole  of  the  earth  is  regarded  as  negative, 
and  the  south  pole  as  positive  (in  the  northern  hemisphere),  the 
upper  end  of  a  vertical  mass  of  ore  will  be  negative,  and  the 
lower  end  positive.  Consequently,  if  a  magnetic-needle  is 
brought  near  the  upper  or  negative  pole  of  the  deposit,  the  north- 
seeking  or  jpositive  end  of  the  needle  will  be  attracted.  When 
the  point  of  observation  is  very  near  the  or«  pole  the  needle  will 
dip  downwards.     The  lower  or  positive  pole  of  the  ore  mass. 
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being  luually  situated  at  a  conaideiable  depth,  will  not  afiect  the 
observation.  Other  deposits,  couising  in  a  more  or  less  easterly 
and  westerly  direction,  are  less  affected  by  induction  ;  the  poles 
being  situated  in  the  long  aides  of  the  deposit.  Frequently 
the  deposits  are  faulted  and  broken.  In  this  case  the  separate 
portions  behave  like  fragments  of  a  broken  bar  magnet,  the 
adjacent  ends  exhibiting  opposite  polarity.  In  exploring  for 
ore,  then,  if,  on  advancing  m>m  Eouth  to  north,  the  free  iwedle 
is  first  attracted  and  then  repelled,  a  fault  in  the  deposit  is 
indicated. 

To  explore  for  ore  the  ordinary  miner's  dial  may  be  employed. 
If  a  straight  line  is  followed  with  the  instrument,  the  needle  will 
remain  directed  towards  the  same  point  of  the  dial ;  or,  in  other 
words,  will  remain  in  the  magnetic  meridian  as  long  as  it  is  kept 
sufficiently  far  away  from  iron  and  magnetic  ore  maesee.  But  if 
these  are  approached,  the  needle  will  gradually  be  deflected. 
The  only  case  in  which  there  will  be  no  deflection  is  when  the 
attracting  deposit  is  approached  along  the  meridian  passing  over 
ite  upper  pole.  It  follows  that  in  magnetic  surveys  the  meridian 
line  must  first  be  found,  and  fixed  in  the  field  or  on  the  plan. 
For  this  purpose  at  least  two  straight  lines  are  set  out  in  the 
magnetic  east  and  west  direction,  from  30  to  60  yards  apart. 
These  lines  will  at  some  point  cross  the  meridian  line.  If  the 
dial  is  set  up  at  one  end  of  a  line  of  this  kind,  at  a  considerable 
distance  from  the  magnetic  mass,  there  will,  of  course,  be  no 
attraction.  On  approaching  the  meridian  the  needle  will  be 
gradually  attracted,  and  at  a  certain  distance  the  maximum 
attraction  will  be  reached.  On  approaching  nearer  it  will  become 
smaller,  until,  at  the  ore  meridian  itfielf,  it  will  be  inappreciable. 
The  angles  of  deflection  observed  at  the  various  stations  are 
noted  on  pegs  driven  into  the  ground,  and  also  in  the  field-book, 
or  on  the  jJan.  Following  the  same  Bbraight  line  to  the  other 
side  of  the  zero  point — or,  what  is  the  same  thing,  to  the  other 
side  of  the  ore  meridian— the  same  attractions  ar«  exhibited,  but 
in  reversed  order  ;  the  needle  turning  back  to  the  meridian.  If 
similar  observations  are  made  along  the  second  east  and  west 
line  it  is  eas^  to  fix  the  ore  meridian  by  joining  the  two  points 
where  there  la  no  deflection.  These  points  aro  midway  between 
the  two  points  of  maximum  deflection.  This  passes  over  the 
upper  pole  of  the  deposit,  and  if  the  pole  is  approached  along. the 
meridian  line,  the  dip  of  the  north-seeking  end  of  the  needle  wiQ, 
as  a  rule,  be  greater  the  nearer  it  comes  to  the  pole.  This 
method  is,  however,  not  adapted  for  fixing  the  position  of  t^ 
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^le  exactly.  This  may  be  done  by  detennining  the  isogonic 
lines — that  is  to  say,  by  joining  the  points  where  the  oeedle  has 
the  same  deflection. 

In  order  to  obtain  one  or  more  parallel  isogenic  Ijnes  on  both 
sides  of  the  ore  meridian,  it  ia  necessary  to  set  out  a,  number  of 
lines  parallel  to  the  ore  meridian,  and  from  10  to  30  yards  apart. 
At  the  points  where  these  lines  intersect  the  east  and  west  lines, 
the  angles  of  deflection  must  be  observed,  and  isogonic  lines 
constructed  by  joining  the  points  of  equal  deflection.  The 
needle  being  drawn  so  much  out  of  its  horizontal  poeitian  that 
its  free  play  ia  hindered,  it  must  be  weighted  and  balanced  by  a 
piece  01  wax.  If,  now,  from  some  point  of  intersection  in  the 
network  of  squares  made  on  the  field  of  observations,  a  line  is 
drawn  in  the  direction  of  the  deflection  of  the  magnetic-needle, 
it  will  cut  the  isogonic  curve  at  a  second  point,  and,  eventually, 
the  ore  meridian.  The  two  pointe,  where  the  isogonic  line  is  cut, 
are  joined;  the  joining  line  is  bisected,  and  at  the  point  of 
bisection  a  perpendicular  is  erected  ;  then,  perpendicularly  under 
the  point  where  this  cuts  the  meridian,  ia  the  upper  ore  pole, 
and  at  this  point  it  will  eventually  be  found  best  to  sink  the 
shaft,soastobecertainof  cutting  theoremass.  Tbeore  meridian, 
it  must  be  noted,  need  not  always  be  a  straight  line. 

In  cases  where  a  better  instrument  was  not  available,  excellent 
results  have,  in  this  way,  been  obtained  with  the  ordinary  pocket- 
compass,  held  in  the  hand. 

For  preliminary  magnetic  surveys,  no  instrument  is  better  than 
the  Swedish  compass.  In  this  inatnmient,  the  needle,  besides 
revolving  in  a  horizontal  plane  in  the  usual  manner,  can  also 
turn  in  a  vertical  plane  to  an  angle  of  about  60°  with  the  horizon. 
The  needle  is  horizontally  suspended  in  a  brass  case  on  a  long 
vertical  brass  pm  by  meana  of  a  long  glass  cap.  The  brass  ter- 
minates above  in  a  short  steel  point,  on  which  the  glass  cap 
rotates.  At  the  bottom  of  thio  is  a  brass  stirrup,  provided  with 
fine  holes,  through  which  pass  the  horizontal  pins  supportii^  the 
needle.  To  enable  the  needle  to  dip,  there  is  a  long  slot  cut 
along  the  middle  of  it.  The  compass-box  can  be  suspended  by 
means  of  three  strings  passing  through  three  small  rings  fastened 
120°  apart  on  the  outside  of  the  boz.  It  can  thus  be  eamly 
carried  in  the  hand.  Graduation  is  not  usual,  and,  indeed, 
unnecessary.  Only  the  cardinal  points  are  marked,  as  in  using 
it  deviations  from  the  horizontal  position  alone  have  to  b« 
noticed.  This  compass  was  invented  in  the  eighteenth  century 
by  the  celebrated  Swedish  miner,  Daniel  lilas,  and  is  still  in 
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general  uBe.    The  dip  of  the  needle  is  eatimatcd  merely  hf  the 
eye,  and  is  not  actuaUy  measured. 

The  minei's  oi  dip-compaea  was  invented  in  the  United  Statee 
in  1666,  and  was  adopt«d  by  the  Oeological  Surrey  of  New 
Jeraey  in  the  syBt«m&tic  explorations  for  magnetic  iron  ore  in 
that  State.  In  this  instrument  the  magnetic- needle  is  suspended 
so  as  to  move  readily  in  a  veitioal  direction  ;  the  angle  of  incli- 
nation being  measured  upon  the  ^vided  rim  of  a,  sm^  compass- 
box.  The  needle  camiot  move  horizontally.  The  construotion  of 
the  instrument  is  shown  in  the  accompanying  figure.  When  in 
use,  the  ring  is  held  in  the  hand,  and  the  compass-box,  by  its 
own  we^ht,  takes  a  veitical  position. 
It  must,  of  course,  be  held  in  the  plane 
(^  the  magnetic  meridian,  which  can  be 
determined  by  holding  the  instrument 
horizontally.  In  this  way  it  serves  as 
an  ordinary  pocket-compass.  Meerars. 
W.  k  L.  E.  Gurley,  of  Troy,  New  York, 
make  several  different  forms  oi  this 
instrument.  One  form  has  a  3-inch 
needle ;  its  case  baa  the  two  udes  of 
gloss.  Another  form  hiks  a  brass  back 
and  cover,  and  a  2J-inch  needle.  Fig. 
161  represents  an  improved  compass  by 
the  same  makers.  It  is  a  modification 
of  the  Swedish  compass,  and  has  a 
needle  3  or  4  inches  long,  resting  upon 
a  vertical  pivot,  so  as  to  move  freely  in 
a  hori.zontal  plane,  and  thus  place  itself 
in  the  magnetic  meridian ;  while  being 
attached  to  the  needle-cap  by  two  deli- 
Fig,  isi.  cate  pivots,  one  on  each  side,  it  is  free 
to  dip.  It  is  usually  provided  with 
brass  covers  on  both  sides. 

With  the  dip-compass,  whether  Swedish  or  American,  perfectly 
trustworthy  results  can  only  be  obtained  when  the  observer  is 
acquainted  by  long  experience  with  the  peculiarities  of  his  instru- 
ment. Compass  ezploTations  being  in  many  cases  the  sole  bour» 
of  income,  it  can  easily  be  understood  that  a  skilful  operator  will 
be  inclined  to  keep  hu  mode  of  procedure  secret.  Consequently 
the  uninitiated  are  apt  to  believe  that  the  operator  must  be 
Bpemlly  gifted ;  and  frequently  the  supernatuial  properties 
formerly  ascribed  to  the  divining-iod  are  transferred  to  the 
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compafis.  Tbie  ezcess  of  faith  in  same  is  accompanied  by  Bceptio- 
ism  in  others.  For  this,  unfortunately,  there  arc  good  grounds  ; 
the  compass  being  so  admirably  adapted  for  dishonest  purposes. 
Thus,  Mi.  T.  B.  Brooks  mentions  an  American  prospector  whom 
compass-needle  in  the  vicinity  of  an  ore  mass  always  showed  a 
dip  of  90°  when  facing  west,  and  the  true  dip  due  to  local  attrac- 
tion when  facing  east.  The  former  position,  it  is  said,  was  very 
successfully  used  in  selling  iron  crre  grounds,  and  the  latter  in 
buying  them.  Similarly  in  Sweden  a  powerful  magnet  inserted 
in  a  walking-atick  has  been  successfully  employed  to  give  a  la^fi 
dip  to  the  needle  when  it  was  thought  desirable  to  misled  the 
purchaser. 

As  a  rule,  surveyora  assume  that  the  most  ore  must  occur 
where  the  dip-compass  shows  the  greatest  inclination,  or  is 
perpendicular.  This  assumption,  however,  is  erroneous.  The 
place  where  the  needle  is  attracted  most  by  a  vertical  ore  bed 
is  not  directly  above,  but  to  the  north  of,  the  Bouth  pole  of  the 
deposit.  For,  if  the  magnetifim  of  the  earth  is  powerful  enough, 
there  must  be  somewhere  north  of  the  ore  pole  a  point  at  which 
the  horizontal  components  of  the  magnetism  of  the  earth  and 
of  the  oie  bed  are  equally  powerful,  but  acting  in  opposite  direc- 
tions. At  this  point  the  horizontal  forces  neutralise  each  other, 
and  then  the  vertical  forces  of  the  magnetism  of  the  earth  and 
of  the  ore  bed  tend  to  bring  the  needle  into  a  vertical  position. 

The  evidences  afiorded  by  the  needle  often  lead  to  error.  A 
small  pocket  of  ore  near  the  surface  may  act  as  strongly  as  a 
larger  ore  mass  situated  far  below  the  surface. 

It  is  thus  seen  that  in  exploring  for  iron  ore  with  the  magnetic- 
needle,  a  purely  stsentific  method  is  necessary.  The  compass 
should  be  employed  for  preliminary  work,  in  order  to  save  tdme 
and  labour ;  but  before  a  shaft  is  sunk,  recourse  should  be  had 
to  a  more  accurate  method.  Improved  methods,  available  for 
the  purpose,  have  been  devised  by  Brooks,  Thalen,  and  Tiberg. 

1.  Brooks'  Method.— Hr.  T.  B.  Broc^*  of  .the  Geological 
Survey  of  Michigan,  in  exploring  for  iron  ore,  determined  with 
a  pocket-compasB  variations  east  and  west ;  the  bearings  of  a 
standard  line  being  taken  as  in  ordinary  surveys.  The  inclina- 
tions or  dips  were  observed  on  the  dip-compass  held  in  the  hand 
in  the  |dane  of  the  meridian.  Sometimes  observations  were 
made  with  the  compass  held  at  right  angles  to  this  position,  that 

*  Qtoloffieal  8wvty  of  Miehigan,  vol.  i.,  1873,  chap.  viii.  See  abo 
**  Uagnetio  ObBeTvationi  In  Geological  Mapping,"  by  H.  L.  Smyth,  Tmu. 
Amet.  1ml.  M.E.,  vol.  sxvi..  1806,  p.  640 
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18,  facing  north  and  Boutk  The  instrument  wbb  ftlwaya  held  in 
the  hand  and  levelled  by  ita  own  weight.  The  intensity  of  the 
magnetic  force  for  the  three  positionB  of  the  compasa  was 
measured  by  the  number  of  oscillations  made  by  the  needle  in  a 
unit  of  time,  asoally  taken  at  a  quarter  of  a  minute.  No  attempt 
was  made  to  eliminate  the  earth's  attraction  by  neutralising  it 
with  a  magnet  while  the  observation  was  being  made,  nor  by 
computation  ;  and  the  great  amount  of  friction  in  the  oompasa 
renders  the  number  of  oscillationB  only  an  approximation  to  the 
number  that  would  be  obtained  with  a  delicately  mounted 
needle.  Hr.  Brooks  has,  however,  done  excellent  work  with 
this  method  in  the  Marquette  region  and  in  New  York  and  New 
Jersey.  He  also  desoriDes  another  method  of  working,  which 
he  calls  magnetic  triangulation.  The  mode  of  procedure  i»  as 
follows :— Remote  from  any  magnetic  rocks,  neutralise,  by 
means  of  a  bar  magnet,  the  earth's  influence  on  the  needle  of  a 
solar  compass.  The  needle  will  then  stand  indifferently  in  all 
directions.  If  the  compensated  instrument  is  set  up  near  the 
magnetic  pole  to  be  determined,  the  needle  will  pi^nt  as  nearly 
towards  the  local  pole  as  its  mode  of  mounting  will  permit. 
The  operation  being  repeated  at  two  other  points  near  the 
magnetic  pole,  the  three  lines  must  intersect  in  one  point, 
which  will  be  directly  over  the  pole  of  which  the  position  is 
sought.  By  using  a  dip-compass  in  a  similar  manner,  data  to 
determine  the  depth  would  be  obtained.  The  fact  that  several 
local  poles  often  influence  the  needle  at  each  station  renders  this 
method  difficult  in  practice ;  a  place  must  be  sought  where  but 
one  strong  pole  exists. 

2.  TbaMn's  Method. — Professor  B.  Thal4n,*  of  the  University 
of  Upsala,  employs  a  modification  of  Weher's  portable  magneto- 
meter, or  of  Lamont's  theodoUte.  In  ita  simplest  form,  Thal^n'a 
instrument  consists  of  a  compass-box,  A  (Figs.  152, 153),  3J  inches 
in  diameter,  divided  into  degrees  or  half-degrees.  At  right  angles 
to  the  diameter,  passing  through  the  zero  point  of  the  graduation, 
an  arm,  B,  extends  honzontally.  This  serves  as  a  sight  in  setting 
out  lines  in  the  field,  and  receives  the  bar  magnet  C  for  the 
deviation  measurements.  A  deflection  of  the  needle  is  caused 
by  means  of  this  magnet,  the  longitudinal  direction  of  which  is 
jHirallel  to  the  arm,  and  the  distance  of  which  from  the  needle 
always  remains  unaltered.  On  the  other  side  of  the  compass-boz 
there  is  a  socket,  into  which  a  rod  of  soft  iron  can  be  placed 
perpendicularly  for  inclination  measurements.  This  iron  rod, 
*  JaniontortU  annattr,  vol.  juxiv.,  1879,  p.  17. 
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like  the  magnet,  efiects  a  deflection  of  the  needle  The  inBtru- 
ment  rotates  about  a  vertical  axis,  and  is  provided  with  a  spirit 
level,  D,  sights,  B  and  F,  and  levelling  Bcrewe.  It  is  placed  on 
a  tripod.  In  order  to  simplify  the  apparatus  atill  further,  the 
compaes-boz  may  be  fastened  to  a  rectangular  board,  the  edges 
of  which  can  be  used  as  dghts ;   whilst  the  board  itself  receives 


L^ptT" 


Fig.  162. 


the  bar  magnet,  which  is  fixed  by  screws  or  springs  in  the  portion 
that  is  determined  once  for  all.  As  support  for  the  instrument, 
an  ordinary  surveyor's  plane  table  may  be  employed. 

The  observations  wiUi  the  magnetometer  consist  for  the  most 
part  of  deviation  measurements,  for  which  two  difEerent  methods 


Fig.  163 

may  be  employed.  In  one  method  the  instrument  is  placed  so  that 
the  needle  is  directed  to  the  zero  point,  the  bar  magnet  having 
been  removed  from  its  place.  Directly  the  magnet  is  replaced, 
the  needle  will  deviate  from  its  or^nal  position,  the  angle  of 
deviation  being  read  from  the  graduated  circle.  In  the  second 
method  the  ioBtniment  is  turned,  while  the  magnet  is  in  its 
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place,  until  the  needle  points  to  zeio.  The  bar  magnet  is  then 
removed,  and,  when  the  needle  has  come  to  rest,  the  angle  is 
read.  In  this  method,  under  similar  conditions,  the  angje  obtained 
will  be  greater  than  in  the  former  method.  Of  the  two  methods, 
ihs  latter,  or  sine  method,  ia  the  moie  delicate ;  but  it  requires 
more  tame  than  the  former,  as  the  instrument  has  to  be  re- 
adjuated  at  every  oteervation  with  the  magnet  and  iron  rod. 
ThiB  method  has  Uie  disadvantage  of  not  being  applicable  is  the 
extreme  north  of  the  ore  field,  where  the  magnetism  of  the 
ore  bed  is  powerful.  In  the  former,  or  langent  mdhod,  the 
instrument  remains  unmoved  during  both  measurements.  The 
disadvantage,  however,  is  that  the  so-called  constants  of  the 
instrument  vary  with  the  angle  of  deviation.  This  does  sot 
matter  if  the  results  are  to  be  arrived  at  geometrically,  dnoe  it  is 
then  merely  necessary  to  join  the  points  where  the  same  angle 
ia  obtained,  quite  regardless  of  the  magnitude  of  the  angle  and  of 
its  corresponding  constant.  If  the  position  of  the  ore  is  to  be 
determined  by  calculation,  the  sine  method  must  be  employed. 

Where  no  ore  is  present,  the  needle  is  acted  upon  by  two 
forces,  one  ai  which  is  due  to  the  fixed  magnet,  and  the  other 
to  the  horizontal  component  of  the  earth's  magnetism.  These 
two  forces  acting  simultaneously,  the  needle  takes  up  a  poution 
in  the  direction  of  their  resultant.  Then  if  a  is  the  angle  of 
deviation,  and  H  the  component  of  the  earth's  magnetism,  the 
following  formute  are  obtained ; — 

for  the  tangent  method :     H  tB,n  a  =  Kj, 
for  the  sine  method  H  sin  a  —  Kg, 

in  which  Ej  and  E,  are  constants,  so  long  as  the  size  and  position 
of  the  magnet  lemais  usaltered.  If  these  cosstants  are  known, 
the  actual  value  of  H  may  be  found  from  the  magnitude  of  the 
observed  ai^le  by  either  of  the  methods.  It  the  constant*  are 
untcQOwn,  only  the  relative  value  of  H  may  be  found.  When 
observations  are  made  near  an  iron  ore  field,  in  both  formuke  H 
must  be  replaced  by  K,  the  resultant  of  the  horizontal  component 
of  the  earth's  magnetism  and  the  magnetism  of  the  depout.  The 
formulie  then  become 

E  tan  a  =  K„  and  R  sin  a  =  K,. 

When  the  deviations  are  caused  by  the  soft  iron  rod  instead  of 
by  the  m^net,  somewhat  similar  formulffi  are  obtained ;  but  the 
mognetiBm  of  the  iron  rod  being  due  to  isductios,  its  intensity  is 
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proportional  to  the  variations  ol  the  vertical  componente  of  the 
earth's  magnetism.  It  follows  that  the  constant  E  of  each  formula 
in  this  case  must  be  replaced  hy  a  magnitude  that  varies  with  the 
magnetism  of  the  rod.  Observatians  with  the  iron  rod  indicate 
the  inclination  of  the  earth's  magnetism ;  whilst  observatione 
with  the  bar  magnet  serve  for  determining  the  horizontal  com- 
ponents of  the  same  terrefltrial  force.  Conaequently,  by  com- 
bining the  two  methods,  it  ia  posaiUe  to  find  out  the  vertical 
components  of  the  magnetic  force. 

In  order  to  survey  an  ore  field,  it  must  first  be  divided  into 
squares  with  ddes  100,  60,  or  25  feet  in  length.  Then  at  every 
.  angle  of  these  squares,  the  deviation  must  be  observed  with  the 
magnet  and  iron  rod.  Similar  observations  must  be  made  on 
ground  free  from  iron,  and  so  far  distant  from  the  ore  field  that 
the  influence  of  the  ore  is  not  felt.  It  is  also  advisable  to  deter- 
mine the  magnetic  declination  for  each  point  of  observation. 
This  may  be  done  by  directing  the  sights  along  one  of  the  lines 
that  have  been  set  out,  and  reading  the  bearing,  after  the  fixed 
magnet  and  iron  rod  have  been  removed.  Observations  must 
also  be  made  along  the  magnetic  meridian  north  of  the  supposed 
ore  poFe  to  determine  where  the  north-seeking  end  of  the  free 
needle  changes  its  direction  from  north  to  south,  or  whether  it 
invariably  points  towards  the  north. 

When  these  determinations  of  declination,  horizontal  intensity, 
and  inclination  have  been  carefully  made,  and  the  angles  ob- 
tained noted  on  paper  divided  into  squares,  lines  are  drawn  for 
each  of  the  three  series  of  observaldons,  exhibiting  equal  declina- 
tion (isogenic  lines),  equal  intensity  (isodynamic  lines),  and  equal 
inclination  (isoclinic  lines).  This  is  done  in  each  case  by 
joining  the  pdntB  at  which  equal  angles  were  obtained.  The 
onrvaturo  of  the  lines  is  drawn  as  naturally  as  possibie,  caie 
bein^  taken  to  avmd  sharp  bends.  The  curves  of  inclination 
and  intensity  thus  constructed  are  closed,  and  have  an  approxi- 
mately circular  or  elliptical  shape,  provided  that  a  single  isolated 
on  mass  is  being  dealt  with.  They  are  grouped  round  two 
points.  The  one  at  the  north  is  where  the  greatest  angle  of 
deviation  was  found,  whilst  that  at  the  south  is  where  the 
.  smallest  angle  was  obtained.  Between  these  two  groups  of 
curves  is  an  open  curved  line  representing  the  neutral  angle. 
In  this  neutral  line  the  intensity  is  the  same  as  if  no  ore  was 
present.  The  straight  line  joining  the  points  where  the  greatest 
and  smallest  angles  were  obtained  passes  over  the  centre  of  the 
or*  mass,  and  indicatee  the  direction  of  the  magnetic  meridian 
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of  the  oifi  field.  Directly  beneath  a,  point  in  this  line,  in  a  vertioal 
ore  bed,  the  greatest  mass  of  ore  occuia.  The  rule  that  most 
generally  holds  good  in  searching  for  iron  ore  ia,  that  the  ora 
mase  ia  to  be  found  immediately  beneath  the  point  where  the 
magnetic  meridian  cuts  the  neutral  line. 

The  isogonic  lines  oonsiBt  of  concentric  ovals  placed,  as  a  rule, 
eymmetrically  on  both  aides  of  the  meridian.  From  the  ahape 
snd  position  of  these  curves  useful  indications  may  be  obtained 
regarding  the  position  of  the  ore  pole,  and  the  ahape  of  the 
deposit. 

The  mode  of  procedure  can  best  be  understood  from  the 
accompanying  ideal  map  (Fig.  154),  drawn  by  Prof.  6.  Noiden- 
rtrom.* 

Before  the  measurements  are  begun,  the  instrument  is  adjusted 
at  a  place  where  there  is  no  magnetic  force  other  than  the 
earth's  magnetism.  The  angle  of  deviation  found  here  is  noted 
do,  and  is  generally  so  arranged  that  it  ia  equal  to  25"  or  30°, 
Then  begins  the  meaaurement  of  the  ore  held,  which  for  tlus 
purpose  is  divided  into  squares  with  ndes  10  metres  in  length. 
By  the  aid  of  the  tangent  method  the  angle  of  deviation,  a,  is 
afterwards  obtained  in  each  comer  of  every  square.  These 
o-valuea  are  noted  on  a  map,  and  the  points  for  which  equal 
angles  have  been  obtained  are  joined.  This  gives  two  systems 
of  isodynamic  curves,  which  are  grouped  in  a  more  or  less  regular 
manner  around  their  foci  or  centres.  One  of  these  is  situated 
north  of  the  ore  and  where  the  o-value  is  greatest,  and  is 
therefore  noted  as  a-maximum ;  the  other  ia  situated  either 
directly,  above  the  greatest  mass  of  ore  or  somewhat  to  the 
south  of  it,  and  repreeente  the  amallest  o-value,  being  therefore 
noted  as  a-minimum.  Between  these  two  groups  of  corves  there 
is  an  open  curved  line,  whose  angle  of  deviation  ia  the  same  as 
obtained  in  regions  where  there  is  no  ore,  and  it  is  noted  as  Oq. 
This  curved  line  is  called  a  neutral  line,  the  angle  o^  being  called 
a  neutral  angle. 

The  line  which  uiutes  the  muTiTniiTn  point  and  the  minimum 
point  indicates  the  direction  of  the  magnetic  meridian  of  the  ore 
field.  The  centre  of  the  greatest  mass  of  ore  is  situated  in  the 
point  of  intersection  of  the  magnetic  meridian  and  the  neutral 
line  when  sin  o^  is  less  than  3  sin  a-min. 

In  this  case  the  outcrop  of  the  ore  is  covered  by  beds  of  sand, 
gravel,  or  other  deposits. 

If,  on  the  other  hand,  sin  Oq  is  equal  to  or  greater  than  3  an 
•  Journal  of  Ot  Iron  and  Sitti  Intlinat,  vol.  liv.,  1B9B,  p.  CI. 
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a-min.,  the  centie  of  the  ore  ie  situated  either  under  the  p(nDt 
repreBcnting  a-min.,  or  somewhere  on  the  magnetic  meridian 
between  this  point  and  the  point  of  interaeotnon.  In  this  case 
the  ore  either  crops  out  at  the  surface,  or  its  outcrop  is  coveied 


~  IMCUNC       Likes 
Fig.  164. 


by  mor«  recent  deposits,  whose  thickness  is  least  when  the  centre 
of  the  ore  Is  nearest  bo  the  minimum  point. 

Finally,  it  should  be  noticed  that,  in  order  to  get  correct 
results,  the  levels  of  the  ore  field  which  is  being  surveyed  should 
be  known. 
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3.  Tlbu^'i  Method.-^FoT  exploring  for  iron  ore,  Hi.  E.  Tibe^ 
iavented  in  1880  a  dip-cMimpass,  3J  inches  in  diometei,  and  half 
an  inch  deep.  The  axis  of  the  needle  is  at  right  angles  to  the 
l^ane  of  the  box,  and  lestB  upon  two  agate  BupportB.  The  needle 
can  thtiB  move  freely  vhen  the  compasH  ie  plaoed  horizontally  or 
vertically.  The  inatmment  difiers  from  other  dipping  needles 
in  that  the  centre  of  gravity  oi  the  magnetic-needle  is  a  little 
below  its  horizontal  axis  when  the  compass  is  in  a  vertical  posi- 
tion. The  needle  is  compensated  for  the  vertical  force  of  the 
earth's  magnetism  by  a  piece  of  wax  oi  by  an  aluminium  counter- 
poise faatened  to  its  aouth-seeking  end. 

The  instrument  is  provided  with  a  spirit-level  for  horisontal 
adiustment,  and  with  a  ring,  by  means  of  which  it  can  be  sus- 
pended vertically.  The  sighting  instrument,  used  in  conjunctioD 
with  -the  dip-compass,  is  a  brass  plate  about  a  foot  in  length, 
provided  at  one  end  with  four  square  flanges  to  receive  the  dip- 
compass  for  horizontal  measurements.  At  right  angles  to  this 
square,  there  is  a  groove  in  the  plate  with  a  sliding  receptacle 
for  the  bar  magnet  required  for  horizontal  measurements.  Four 
folding  sights  are  attached  to  the  plates  in  such  a  way  that  their 
lines  of  sight  form  a  right  angle.  The  instrument,  consequently, 
can  be  used  aa  a  cross-head.  Two  special  eights  are  added  for 
leveUing  operations,  and  the  instrument  is  provided  with  a 
ciroular  spirit  level. 

The  observations  for  vertical  measurementa  are  made  at  the 
surface  with  the  plane  table  or  by  hand.  The  inclination  insbu- 
ment  is  fastened  to  the  plane  table,  levelled,  and  turned  until 
the  needle  points  to  90°.  The  instrument  is  then  raised  with 
the  ring  at  the  top,  and  placed  at  right  angles  to  the  magnetic 
meridian,  and  the  angle  indicated  by  the  needle  observed.  The 
same  operation  has  to  be  done  by  hand  if  the  plane  table  is  not 
available.  When  the  ore  appears  to  be  deep,  or  when  the 
horizontal  intensity  is  powerful,  recourse  must  be  had  to  the 
plane  table. 

The  formula  for  calculating  the  vertical  intensity  Q  ia — 
a  =  K  tan  0, 
in  which  ti  is  the  angle  given  by  the  needle — that  is,  its  deviation 
from  the  horizontal — and  E  a  constant  varying  in  different  in- 
struments from  0-76  to  1-4  of  the  earth's  hoiizontal  m^netic 
foroe.  Lines  of  equal  vertical  intensity  may  thus  be  constructed. 
In  magnetic  plans  it  is  usual  to  employ  a  blue  colour  for  positive 
intensity,  and  a  red  colour  for  negative  intensity.    The  accuracy 
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attainable  with  tluB  method  is  from  0-2  to  0-1  per  cent  of  the 
earth's  magnetic  force  in  central  Sweden.  With  the  plane  table 
250  to  300  observations  may  be  made  per  day,  and  450  to  BOO  by 
hand.  For  each  ore  field  suiveyed  the  needle  miiBt  be  compen- 
sated afresh,  and  a  pieliminary  magnetic  sorvey  made.  The 
field  is  then  divided  into  squares,  with  sides  40  feet  in  length. 
The  base-line  is  as  nearly  as  possible  in  the  middle  of  the  Aeld, 
and  parallel  to  the  direction  of  the  strike  of  the  deposit.  In 
making  the  survey,  observations  are  made  every  10  feet,  and  in 
some  cases  every  5  feet,  in  the  immediate  vicinity  of  the  oie,  and 
.  every  20  to  40  feet  or  more  when  farther  distant  from  the  ore, 
The  general  rule  is  to  make  as  m&ny  observations  as  may  be 
req^uired  to  indicate  what  the  appearance  of  the  curves  will  be. 
Heights  are  estimated  by  the  eye,  or  by  a  preliminary  levelling 
with  the  sighting  instrument,  and  the  more  important  topo- 
graphical details  are  noted. 

The  maximum  of  intensity  is  generally  presented  by  the  point 
where  the  ore  is  nearest  to  the  surface.  It  may  also  be  situated 
between  two  adjacent  depoMts — in  which  case  the  intensity 
decreases,  at  first  slowly,  or  not  at  all,  and  then  comparatively 
rapidly.  The  distance  to  the  centre  of  a  vertical  ore  bed  may  be 
taken  as  at  least  0-7  of  half  the  breadth  of  the  north-polar 
attraction.  This  rule  is,  however,  not  very  trustworthy.  The 
vertical  distance  of  the  |ilane  of  observation  from  the  upper  ore 
pole  is  equal  to  the  horizontal  distance  of  the  point  where  the 
needle  deviated  most  from  the  horizontai  from  that  ^here  ^  of 
the  greatest  intensity  was  found.  It  is  also  equal  to  1^  of  the 
distance  of  the  point  where  the  needle  dipped  most  from  that 
where  half  the  maximum  was  found.  The  latter  rule  is  the  . 
best 

Sometimes  these  calculations  enable  an  opinion  to  be  formed 
of  the  relative  values  of  two  similar  ore  beds.  For  two  deposits 
of  a  similai  character,  situated  at  least  30  feet  beneath  the 
surface,  it  may  be  assumed  that  the  deposit,  for  which  the 
product  of  the  greatest  intensity  and  the  polar  distance  is  the 
greater,  contains  the  larger  quantity  of  ore  for  the  same  length 
of  deposit,  If  the  polar  surfaces  of  the  t«o  beds  are  limited 
this  product  must  be  replaced  by  the  square  of  the  polar  distance. 

A  good  idea  of  a  deposit  may  be  formed  from  the  appearance 
of  the  curves  of  intensity.  Regular,  long  extended,  elhptical 
curvea,  enclosing  a  long  but  narrow  district  of  greatest  intensity, 
always  indicate  a  tegular  lenticular  mass  An  asymmetrical 
bend  in  the  oiirves  indicates  parallel  deposits.     More  circular 
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ourves  uuy  indicate  a  a^regatioii  of  on  if  tbe  intetudty  decreases 
i^ulariy.  Inegular  curves  indicate  mora  oi  leas  irregular 
deposits. 

In  exploring  for  counes  of  ore  in  the  niine,  a  base-line  is 
marked  out  in  the  level,  and  observations  made  every  10  feet  st 
least  At  each  station  three  observations  have  to  be  made ; — ■ 
(I)  To  determine  the  direction  of  the  total  horizontal  intensity 
by  means  of  the  sighting  inBtriunent,  the  deviation  of  the 
magnetic-needle  from  the  base-line  being  observed.  (2)  To 
determine  the  magnitude  of  ite  foioe  by  means  of  the  bar  magnet. 
(3)  To  determine  the  vertical  intensity  by  means  of  the  ioolina- 
tios  instrument.  Vertical  measurements  must  also  be  made 
at  the  top  and  floor  of  the  level,  and  for  this  purpose  the  instru- 
ment may  be  held  in  the  hand.  On  neutral  ground  at  the  surface, 
the  horisontal  force  of  the  earth's  magnetism  and  the  direction 
of  the  earth's  magnetic  meridian  must  be  determined.  The 
results  of  all  the  observations  are  represented  on  paper,  along 
the  base-line,  as  arrows  showing  the  horizontal  forces  of  the 
magnetism  of  the  ore  at  the  points  of  observation.  If  all  or 
part  of  the  amxws  are  directed  towards  the  same  pant,  there 
the  Ofe  may  be  assumed  to  be.  The  ora  would  be  at  tlw  level 
at  wHch  the  observations  were  made,  if  the  vertical  intensity 
is  negative.  When  the  arrows  approach  in  front  or  behind, 
the  plane  of  observation  is  above  or  below  the  magnetic  centre 
of  the  ore.  When  the  vertical  intensity  is  positive,  the  ore  may 
be  above  or  below  the  plane  of  observation,  always  assuming  that 
a  more  or  less  vertical  ore  mass  is  being  dealt  with. 

By  applying  this  method  Mr.  Tiberg  has  discovered  important 
deposits  of  ora  at  the  Swedish  mines  of  Langban  and  Sikberg. 

To  illustrate  the  value  of  the  magnetic- needle  in  explorii^  tor 
iron  ora,  it  may  be  mentioned  that,  according  to  the  etetistica 
given  by  Frol  Smock,*  thera  wen  115  mines  in  1868  in  the 
Stete  of  New  Jersey,  whilst  in  1874  the  number  had  increased 
to  200.  All  these  ore  localities  were  fint  made  known  by  the 
use  of  the  magnetic-needle.  In  fact,  the  annual  production  of 
the  State  had  been  increased  50  per  cent,  by  the  addition  (A 
new  producing  localities  found  by  the  compass.  It  should  also 
be  stated  that  in  many  cases  thera  are  no  visible  surface  indica- 
tions of  ore. 

4    CiKDbined  ThaMn  and  Tibeq;  Hetbod.— For  some  years  past 

Tiberg's  instrument  has  generally  been  used  in  combination  with 

ThalSn's  magnetometer,  partly  to  avoid  the  necessity  of  taking 

*  Trant.  Amer.  Intl.  M.E.,  vol.  iv.,  1976,  p.  358. 
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mote  that)  one  instTumeat  on  Burreying  expeditions,  and  partly 
owing  to  ths  fact  that  by  auoh  a  combination  of  the  two  Inatni- 
ments  greater  lajndity  leanlta,  espedally  if  the  tangent  method 
iBuaed. 

The  combined  instrument  Ib  illustrated  in  Vig.  156. 

In  order  to  make  It  poesble  to  use  first  one  and  then  the 


ng.  iss. 


other  of  theae  compaaees,  they  are  provided  with  axle-pins  fitting 
into  the  bearings  in  the  standards,  a,  which  ace  shown  enlarged 
in  ¥ig.  166.  The  centre-lines  of  the  axle-jnns  in  the  Tibeig  com- 
pass run  through  the  zero-points,  but  in  the  Thal6n  compass 
through  the  90"  point.  The  instrument  is  furnished  with  a  spirit- 
level,  b,  a  transverse  arm,  c,  and  sights,  d.    The  arm,  c,  secured 


F^ 


Big.  166. 


on  one  of  the  standards  serves  to  receive  the  bar-magnet  for 
the  deviation  measuremente,  when  measurements  according  to 
the  ThaI4n  method  aie  to  be  made.  The  method  of  using  the 
instrument  in  making  such  measurements  has  already  been  suffi- 
ciently explained. 
To  begin  with,  the  instrument  is  adjusted  on  perfectly  nsntial 
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groond.  Aftvi  the  ore  field  to  be  ezplcoed  has  been  divided 
ioto  Muuet,  with  sides  10  metres  loDg,  observ&tionB  ore  made 
with  MD  dip-compass  at  each  corner  of  every  square  in  the 
fdlowing  manner : — 

The  oompaas  is  placed  horizontally  and  is  tamed  in  a  hori- 
zontal piano  until  the  central  line  through  the  axle-piitt  of  the 
compass  is  at  right  angles  to  the  direction  of  the  needle,  or,  in 
other  words,  until  the  needle  is  placed  at  90°.  Then  the  oompaas 
it  turned  on  its  axle-pins,  bo  that  it  has  a  vertical  position.  In 
this  podtion  the  needle  is  only  afiected  by  the  vertical  component 
of  toe  (no,  and  this  causes  a  greater  or  less  iaclination  of  the 


needle.    If  the  magnetic  force  of  the  ore  is  F,  and  the  angle  of 
the  in(dination  is  T,  then 

P  =  K  tan  T, 

If  the  value  of  T  is  noted  on  a  plan,  and  the  points  for  which 
the  same  V-values  were  obtained  are  united,  there  is  obtained 
a  series  of  curves  (isoclinic  curves),  which  are  more  or  less  regu- 
larly grouped  around  a  centre  whose  T-value  is  greater  than  that 
of  all  the  others  (see  Fig.  16i).  Immediately  under  this  centre, 
where  T  =>  T  max.,  the  greatest  mass  of  ore  always  ocoors. 

Besides  for  surveys  at  the  surface,  both  the  magnetometer 
and  the  dip-compass  are  also  used  for  surveys  underground,  in 
the  mine  itvelf,  in  searching  for  ore.  For  this  purpose  the  one 
method  is  generally  used.  If  H  (Fig.  1G7)  is  the  horizontal 
component  of  the  earth's  magoetism,  and  F  that  of  the  ore,  and 
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R  the  resultant  of  both,  there  is  obtained  for  each  point  of 
olfflervafcion  B^,  Rf,  R^  etc.,  accoiding  to  the  foimula — 


R  =  H 


sinoo 


If  an  arbitrary  value  is  (pven  to  H,  which  is  considered  to  be 
a  constant,  the  lengths  Rj,  Rg,  Rg,  etc.,  as  well  as  their  direction, 
are  ascertained.  The  length  and  direction  of  the  component  of 
the  ore,  F,  are  then  obtained  by  construction. 

The  position  of  the  centre  of  the  ore  sought  for,  C,  is  indicated 
by  the  direction  of  F^,  Fj,  F^  etc.,  all  of  which  converge  more  or 
less  towards  this  centre. 

6.  Thomson-Thalin  Method.— To  the  instruments  for  mag- 
netic-surveys  of  ore  deposits  there  has  recently  been  added  the 
Thomson- Thai §n  magnetometer,  which  has  two  magnetic- needles 
with  like  poles  in  the  same  direction,  the  inclination  produced 
by  the  vertical  components  of  the  magnetic  forces  acting  upon 
them  being  compensated  by  a  cylindrical  magnet  north  pole 
upward.  The  distance  of  the  defecting  magnet  may  be  altered 
by  means  of  a  graduated  brass  screw,  and  the  compensated 
intensity  of  the  vertical  component  of  a  magnetic  ore  body  is 
indicated  on  an  arbitrary  scale.  The  theory  of  the  instrument 
is  described  by  Mr.  A.  Haanel." 

Use  of  tbe  Hagnetic-Heedle  Id  Surveying  Bore-holes. — It  has 
been  assumed  that  the  diamond  drill  always  bores  a  perfectly 
straight  hole,  even  though  passing  through  rocks  of  different 
hardness.  Actual  experience  reveals  an  entirely  different  state 
of  things,  the  deviations  sometimes  being  so  great  as  to  render  a 
bore-hole  misleading.  An  ingenious  plan  of  correctly  ascertaining 
these  deviations  has  been  devised  by  Mr,  E.  F.  Macgeorge,t  an 
Australian  engineer.  His  plan  consists  in  lowering  into  the 
bore-hole  clear  glass  phials  filled  with  a  hot  solution  of  gelatine, 
each  containing,  in  suspensLon,  a  magnetic- needle,  free  to  assume 
the  meridian  direction.  The  phiats  are  encased  in  a  brass  pro- 
tecting tube,  and  let  down  to  the  depth  required,  being  aUowed 
to  remain  for  several  hours  until  the  gelatine  has  set. 

The  construction  of  the  phials  or  cUnostaig  can  be  seen  from 
Fig.  158.  The  clinostat  is  a  true  cylinder  of  glass  made  to  fit 
accurately  within  the  brass  guide-tube.  At  the  lower  end  it 
terminates  in  a  short  neck  and  bulb,  within  which  a  magnetic- 
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needle  ia  so  held  by  a  glui  flost  oa  to  aUnd  upright  npon  ito 
pivot  in  every  podtioD  of  the  phial,  sad  thus  atlow  the  needle 
to  usume  the  mendiftn  fnely  without  touching  the  sides  of  the 
bulb.  Passed  thiough  an  ui-tight  cork  and  scTew-oapBule  at  the 
upper  end  is  a  small  glass  tube  tenninating  in  another  bulb  abov« 
and  with  its  open  lower  end  inserted  in  a  cork  which  enters  the 
lower  neck  of  the  phial,  thus  preventing  the  escape  of  the  needle 
and  float  in  the  lower  bulb.  The  upper  bulb  contains  a  very 
delicate  plumb-rod  oi  glass  conaeting  of  a  fine  rod  tenninaiaiw 
in  ft  plumb  of  glass  below  and  a  diminutive  bulbous  float  at 
hollow  glass  above.  It  is  carefully  adj  usted  to  the  specufio  gravity 
of  the  gelatine  in  which  it  is  immersed,  so  as  to  ensure  the  rod 
being  truly  vertical  whatever  the  pontion  of  the  plu&I  and  bulb 
may  be.  When  the  gelatine  is  fluid  the  plummet  hangs  freely 
perpendicular,  whilst  the  needle  in  the  lower  bulb  assumes  the 
maenetio  meridian.  When,  however,  the  phial  is  at  rest  in  any 
position,  the  contents  solidify  on  cooling,  and  thus  hold  fast  the 
^^  indicating  plummet  and  magnet  in  solid  transparent 
n  material.  On  withdrawal  from  the  bore-hole  the 
phiab  can  each  be  replaced  at  the  same  angle  at 
which  they  cooled,  and  when  the  phial  is  revolved 
upon  the  part  where  the  magnetic-needle  is  seen  em- 
bedded in  the  gelatine,  until  the  needle  is  again  in 
y~,  the  meridian,  the  phial  is  manifestly  in  the  same 
S)  direction,  both  as  regard  inclination  and  azimuth, 
F^.  168.  '^  '^  ^^  when  its  contents  were  congealed,  and 
thus  the  gradient  and  bearings  of  the  bore-hole  can 
be  determined.  By  repeating  the  observations  at  in^rvals  of 
every  100  feet,  the  path  of  the  bore-hole  can  be  accurately 
mapped. 

The  incUnation  and  azimuth  at  the  time  of  cooling  is  detet^ 
mined  exactly  by  the  recording  instrument,  or  clinometer,  which 
is  a  modification  of  the  theodolite.  The  phial,  with  its  congealed 
contents,  is  placed  in  a  sheath  of  brass  tubing  (Fig.  159),  attached 
to  a  movaUe  arm  carrying  the  index  of  a  vertical  arc  The 
upper  bulb  of  the  phial  is  brought  into  the  field  of  two  cross- 
vuaoned  microscopes,  carried  with  the  arm  round  the  vertical 
arc,  which  are  kept  truly  in  the  same  plane  at  every  angle  of 
inoiination  by  a  parallel  motion.  Upon  the  object-glMS  of  each 
microscope  vertical  lines  ore  drawn.  The  phial  is  revdved  in  its 
sheath,  and  the  arm  is  moved  along  the  arc  by  the  tangent  screw 
until  the  embedded  plummet  is  made  perpendicular  from  each 
p<nnt  of  view.    The  phial  is  now  at  the  angle  of  inoiination  at 
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which  its  contenta  solidified,  and  its  lower  bulb  will  be  found 
nearly  in  the  axis  of  the  revolving  arm,  and  about  an  inch  above 
the  centre  of  a  horizontal  revolving  circular  minor,  having  a 
system  ot  parallel  lines  engraved  across  its  face.  ReSected  in 
the  mirror  will  be  seen  the  image  of  the  embedded  needle,  which, 
of  course,  pointed  north  before  it  was  fixed  by  congelation  in 
the  bore-hole.    It  now  the  minor  is  revolved  until  the  number 


Fig.  iGk. 

270  of  the  graduated  circle  is  oppowte  the  marked  end  of  the 
needle,  and  until  the  rejected  image  of  the  needle  is  parallel  with 
the  engraved  lines,  an  index  at  the  side  of  the  graduated  mirror 
frame  will  give  the  exact  angle  between  the  needle  and  the  vertical 
plane  of  revolution  of  the  phial,  which  is,  in  fact,  the  magnetic 
bearing  of  the  inclined  phial  and  of  the  bore-hole  it  occupied  at 
the  time  of  the  application  of  the  test. 
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Tliu  method  wu  first  applied  at  the  Scotchman's  United  Mine 
at  Stawelt,  in  Victoria,  and  wae  so  eSeotual  as  to  enable  the  bore- 
hole to  be  found  37  feet  away  from  ito  supposed  poution  at  a 
depth  of  370  feet,  a  deflection  that  increased  to  the  large  amount 
of  76  feet  at  a  depth  of  BOO  feet.  An  exploratory  level  failed  to 
&nd  the  boie-hole  at  ils  theoratical  position,  aBsuming  the  drill 
to  have  gone  straight  down.  The  subsequent  search  worics  lasted 
for  more  than  a  year,  and  cost  altogether  £3,663.  Had  the 
method  been  available  at  the  commancement,  the  level  driven 
would  have  cost  only  £1,352,  and  the  saving  efiected  would  have 
been  no  less  than  £2,311. 

Similar  experiences  have  been  met  with  in  a  number  of  other 
bore-holes  in  the  mining  districts  of  Victoria,  and  the  couse- 

rince  is  that  nune-proprietors  are  beginning  to  distmat  the 
mond  drill  altogether.  Yet,  if  accurately  surveyed,  the  most 
crooked  bore  is  quite  as  useful  as  the  stiaighteet  ever  imagined 
by  drill-makera.  In  view  of  these  facte,  the  ^ctorian  Govern- 
ment has  contracted  with  the  inventor  to  test  all  approved  bores 
which  have  passed  through  aurifeioua  rock. 

By  means  of  the  clinograph,  as  the  inventor  terms  lus  apparatus, 
a  bore  may  be  straightened  when  so  deflected  as  to  endanger 
the  safety  of  the  drill ;  for,  suppose  a  bore-hole  to  have  deflected 
suddenly,  the  depth  of  the  point  where  the  most  serious  deflec- 
tion took  place  can  be  found.  Then,  if  an  india-rubber  washer 
is  forced  down  to  20  feet  below  this  point,  and  liquid  cement  run 
in  until  it  reaches  some  feet  above  the  point  of  deflection,  and 
allowed  to  set,  then  the  drill  may  be  again  lowered  and  started 
gently,  untdl  it  has  started  fairly  in  its  corrected  path,  when  the 
usual  speed  of  borii^  may  be  resumed. 

A  less  satisfactory  method  for  ascertEuning  the  inclination  and 
direction  of  bore-holes  was  suggested  by  G.  Nolten.*  In  the 
instrument  employed,  the  amount  of  deviation  is  etched  upon 
glass  by  hydrofluoric  acid  ;  whilst  ita  direction  is  found  by  means 
of  a  compass- needle,  clamped  by  the  aid  of  a  stop-watch,  after 
sufficient  time  has  been  aJlowed  for  settling.  Notwithstanding 
the  great  imperfections  of  this  instrument,  its  use  in  Germany 
has  revealed  some  startling  deviations  of  bore-holes.  For  example, 
in  a  bore-hole  at  Diensloken,  bored  with  a  rotating  drill,  the 
deflection  amounted  to  47°  at  a  depth  of  700  feet.  The  bore- 
hole, undertaken  by  the  German  Government,  at  Leith,  in 
Eolstein,  was  but  little  better  than  the  preceding ;    but,  by  a 

*  Prmai.  ZeitactiT.,rol.  iiTiii,  ISTQ, p.  1T6 ;  TranaUtion by 0.  Z.  Bonning 
•nd  J.  E.  Qnthrie  in  Tnmt.  If.  Bug.  ln*t.  M.S.,  voL  iili.,  p.  01. 
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lucky  accident,  the  deflection  of  3°  at  984  feet  gradually  changed 
to  the  oppoaite  quarter  of  the  compass  at  1,640  and  2,624  feet, 
and  concluded  with  a  deflection  of  only  1°  at  3,280  feet. 

Careful  observations  of  Band  boreholes  by  Mr.  J.  Kitohin* 
show  that  deviation  ia  not  observed,  except  where  the  rocks 
passed  through  are  bedded  and  have  a  dip.  The  average  boti- 
zontal  displacement  of  the  twenty-two  bore-holes  specially 
examined  was  440  feet,  the  minimum  being  160  feet  in  a  bore- 
hole 2,000  feet  deep,  and  the  maximum  2,370  feet  in  a  bore-bole 
4,200  feet  deep. 

The  diamond  drill  has  been  lai^ely  used  for  prospecting  in 
the  West  African  goldfields,  and  valuable  experience  in  but- 
veying  the  bore- boles  by  the  Mscgeorge  method  has  been 
reoor^d  by  Hr.  J.  N.  Justice.t  A  preliminary  survey  was 
made  for  £p  by  the  hydrofluoric  acid  method  with  very  satis- 
factory results.  In  a  vertical  hole  the  tendency  is  to  deflect 
along  the  dip  of  the  rocks.  In  inclined  holes  set  at  about  46° 
the  tendency  is  to  become  steeper.  In  the  case  of  one  hole  in- 
clined at  51°  30'  the  distance  at  a  depth  of  773  feet  measured 
along  the  assumed  course  of  the  bore-holes  to  the  same  depth 
along  the  actual  course  was  165  feet,  and  at  a  depth  of  1,900  feet 
the  divergence  had  increased  to  280  feet.  If  the  deflection  ia 
considerable,  the  direction  has  to  be  determined,  and  this  is 
done  by  the  aid  of  Ma(^eoi^e's  clinostats. 

A  method  of  aurveying  bore-boles  has  been  devised  by  Mr. 
Q.  C.  M'Farlane,  an  American  engineer,  in  which  the  inclination 
is  determined  from  the  deflection  of  a  tangent  galvanometer. 
An  ingenious  electric  recording  apparatus  has  also  been  devised 
by  Mr.  H.  F.  Marriott,]:  who  has  detected  with  it  serious  deflec- 
tions at  the  Turf  mines,  Johannesburg.  In  one  case  at  4,602  feet 
tbe  bore-hole  had  deviated  2,185  feet  from  the  vertioal  line 
passing  through  the  mouth  of  the  bore-hole. 

Excellent  results  have  been  obtained  in  Germany  with 
Gothan's  gtratameler.  Tbis  instrument  comprises  a  compass- 
needle  and  a  plumb-bob  regulated  by  clock-work.  The  combined 
instrument  is  enclosed  in  a  brass  cylinder  660  mm.  long  and 
54  mm.  in  diameter  in  such  a  way  that  the  compass  is  at  top, 
with  clock-work  on  the  alarum  principle  below,  whilst  the  plummet, 
with  recording  plate,  occupies  the  lower  end  of  the  cylinder.  At 
a  given  time  the  freely  swinging  needle  is  clamped  by  the  clook- 

•  TrxMu.  iHtt.  Jfm.  Mtt.,  November  Sl.igOT. 

t  ibid.,  ToL  dL,  1903,  p.  301.  }  Ibid.,  voL  juv.,  1906,  p.  26S. 
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work,  and  at  the  same  time  the  plummet  ii  released  and  its 
position  marked 

Employmeot  of  a  PowwIdI  Hi«iiet  In  Cases  of  Unowbdn 
HoUng. — In  1846  Frofeaaor  Borchere,  of  Clausthal,  ficat  proposed 
to  employ  a  powerful  magnet  in  oases  of  uncertain  holing  from 
one  ezcavation  to  another.  Since  that  date,  he  has  improved  the 
method  in  many  ways,  and  has  frequently  employed  it  m  practice 
witli  great  success.  In  order  to  ensure  a  successful  holing,  the 
ends  of  the  two  levels  must  not  be  more  than  20  yards  apart. 
The  apparatus  employed  consiate  of  a  powerful  magnet,  with  a 
specially  constructed  protractor,  a  oompaae,  and  a  small  auxiliary 
magnet. 

The  powerful  magnet  consists  of  mz  magnetised  steel  bars 
4  feet  in  length,  enclosed  in  two  wooden  boxes,  provided  wi^ 
water-tight  lids.  One  of  these  boxes  contains  only  one  magnet ; 
whilst  the  other  box  contains  the  remaining  dve,  separated  from 
oneanotherinthemiddleandat  the  ends  by  pieces  of  card-board. 
In  the  centre  of  its  upper  aide,  the  larger  box  is  provided  with  a 


Fig.  ISO.  Fig.  101. 

pivot,  which  fits  into  an  aperture  in  the  smaller  box.  On  this 
pivot,  the  small  box  can  be  rotated,  and  the  north  pole  of  the 
magnet  inade  can  thus  be  made  to  correspond  with  the  sotit^ 
poles  of  the  magnets  in  the  lai^e  box.  Consequently,  a  portion 
of  the  magnetic  force  of  the  latter  is  neutralised.  The  powerful 
magnet  must  be  fixed  in  such  a  way  that  it  can  be  pointed  in 
vanouB  directions,  without  altering  the  position  of  its  centre. 
For  this  purpose  is  employed  a  brass  protractor.  Figs.  160,  161, 
which  can  be  screwed  on  to  a  thick  board.  At  the  centre  of 
the  protractor,  a  brass  plate  revolves,  and  between  the  turned-np 
edges  of  this,  the  principal  magnet  may  be  placed.  At  right 
angles  to  the  longitudinal  axis  of  the  magnet,  an  index  line  is 
engraved.  Provided  the  rock  barrier  is  not  more  than  6  yards 
across,  an  ordinary  compass,  with  a  sensitive  needle,  may  be 
employed.  For  greater  distances,  the  compass-needle  must  be 
suspended  by  a  silk  fibre.  Under  these  circumstances  the  steel 
pivot  is  removed  from  the  compass,  and  a  case  screwed  on  to 
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the  pUte,  as  shown  in  Fig.  162.  The  sides  are  coveAd  with 
glass  to  protect  the  needle  from  aii  cuireuts.  The  upper  end 
of  the  glass  tube,  containing  the  silk  fibre,  is  provided  with  a 
contrivance  for  centring  the  needle.  The  latter  is  somewhat 
longer  thAn  the  dlameteT  of  the  compass  dial,  and  does  not 
require  to  be  centred  with  matbematacal  accurocj',  provided 
that  both  ends  are  read,  and  the  mean  of  the  two  readings  taken. 
The  auxiliary  magnet  is  a  small  magnetised  bar  12  to  18  inches 
in  length. 

The  mode  of  proceduie  is  the  following : — At  the  end  of  one 
of  the  levels,  the  protractor  is  firmly  fixed  in  such  a  way  that 
its  north  and  south  line  is  in  the  magnetic  meridian.    At  the 
end  of  the  other  level,  the  compass  ia  set  up,  as  nearly  as  possible 
at  the  same  height  as  the  protractor,  and  placed  so  that  the 
needle  indicates  north.     The  needle  must  then  be  rendered  astatic. 
To  efieot  this,  the  auxiliary  magnet  is  placed  in 
the  direction  of  the  north  and  south  line  of  the 
compass,  on  the  side  away  from  the  principal 
magnet  in  the  other  excavation,  and  moved 
backwards  and  forwards  until  the  force  attract- 
ing the  needle  is   neutrdised.     When    these 
preparations  are  complete,  the  principal  magnet, 
\ntji  the  small  box  above  it,  is  placed  on  the 
movable  plate  of  the  protractor,  and  brought 
approximately  into   the   direction   of   holing. 
The  powerful  magnet  then  acts  on  the  astatic 
needle  of  the  compass,  and  causes  it  to  take 
up  a  direction   determined   by  a  law  enun-  pig.  les. 

ciated  by  Gauss.  But  aa  the  needle  is 
not  perfectly  astatic  for  all  directions,  what  attracting  force 
remains  must  be  again  neutralised  for  the  position  tt^en  up 
under  the  action  of  the  powerful  magnet.  This  is  done  by  revolving 
on  its  pivot  the  small  box  above  the  principal  magnet,  until  the 
north  pole  of  the  magnet  it  contains  corresponds  with  the  south 
poles  of  the  other  magnets.  The  action  of  the  large  magnet  is 
thus  dimimshed.  Then  if  the  compass-needle  is  not  pufectly 
astatic,  it  will  alter  its  position,  as  the  attracting  force  of  the 
principal  magnet  increases  or  diminishes.  If  a  chai^  in  the 
position  of  the  needle  is  observed  during  the  action  of  the  weak- 
ened magnet,  attempts  must  be  made  to  bring  the  needle  back 
to  the  position  it  occupied  when  the  principal  magnet  acted 
mUh  bm  force,  by  moving  the  auxiliary  magnet  very  slightly. 
Thb  uppet  bar  of  the  la^e  magnet  is  then  turned  Iwok  to  its 
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oziffnai  poaition,  and  it  k  ascertained  whether  the  compaM 
needle  alters  its  poeition.  If  this  U  the  case,  the  proceea  must 
be  repeated  until  the  needle  givefl  the  same  bearing  with  the 
full  force  and  with  the  diminiohed  force  of  the  large  magnet. 

From  the  bearing  of  the  needle  and  the  direction  of  the'large 
magnet,  the  direction  of  holing  may  be  determined  by  con- 
stmctJon,  in  the  following  way : — A  B  C  (Fig.  163)  is  a  right- 
angled  triangle,  with  the  right-angle  at  C ;  A  beit^  the  centre 
of  the  large  magnet,  the  longitudinal  axis  of  which  is  in  the 
direction  of  the  hypothenuse  AB.  At  C  ia  the  astatic- needle, 
which,  attracted  by  the  large  magnet,  takes  up  a  position  in  the 
line  C  D.  The  direction  of  this  line  ia  determined  by  the  equa- 
tion—A D  =  J  A  B.  Strictly  speaking,  the  magnet  N  S  should 
be  very  small.  Por  practical  purposes,  however,  this  law  may 
be  applied  without  any  appreciable  error. 

The  question  now  arises,  in  what  way  should  this  law  be 

applied.    A  geometrical  method  ia  inconvenient  in  the  mine  ;  and 

consequently,  it  is  desirable  to  calculate  the  angles  a  (B  A  C) 

and  ^  (A  0  D) — that  is,  the  deviation  of  the 

^(  direction  of  holing  AC  from  the  podtiou  of 

y'Y/     \        ^^^  magnet  N  S,  and  from   that   of   the 

yf^ /i      \      compass-needle   0  D.      A,  B,   and  G   are 

"    *~*    '"^  •      situated  on  the  circumference  of  a  circle. 

Tig.  163.  the  centre  of  which  is  E.     In  the  triangle 

DEC,  the  angle  C D E  is  equal  to  a  -f  ^ ; 

and,  unce  the  triangle  AEC  is  isosceles,  the  angle  ACE  is  equal 

to  the  angle  C  A  E  ;  therefore,  the  angle  S  C  E  is  equal  to  a  —  ^. 

Theratioof  the  sides  D  E  and  E  C.  however,  is  1 :  3.  andl :  3  =  sin 

(a  —  ^) :  sin  (a  +  /J) ;  therefore, 

sin  (a  -  ^)  =  J  sin  (a  -j-  §). 

Suppose,  for  example,  that  the  bearing  given  by  the  protractor 
of  the  large  magnet  was  154°,  and  that  given  by  the  compass 
125°  16' ;  the  difference  is  then  28°  45'  =  a  -f  /S.  Now, 
sin  28°  46'  =  0-48099 ;  one-third  of  which  is  0-16033,  which  is 
the  mne  of  the  angle  9°  14'.    Consequently, 

a  +  /3  =  28°  45' 

a  -  ^  =   9°  14' 

therefore,  a  =  19°  and  ^  =  9°  46'.  The  direction  of  holing  A  B 
is,  therefore, 

126°  15'  +    9°  45'  =  135°  0' 

154°   0'-19''   0'  =  135°0' 
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This  calculated  bearing'  has  to  be  subtracted  from  180°,  mnce 
the  north  aod  south  line  of  the  compass  always  remains  in  the 
same  position  throughout  the  process ;  the  needle  being  revolved. 
The  direction  in  which  it  would  be  necessary  to  drive  would, 
consequently,  be 

180°  -  136°  =  45". 

Instructions  for  canying  out  the  operations  required  at  the 
large  magnet  are  given  by  means  of  previously  arranged  signals 
by  the  observer  at  the  compass. 

A  powerful  magnet  was  applied  with  success  in  a  somewhat 
smilar  manner  in  1886  by  Mr.  A.  Haddon  in  seeking  a  bore- 
hole, that  had  diverged  from  the  vertical,  at  the  Holyiood 
Browery,  Edinburgh.  After  the  bore-hole  had  gone  down 
200  ieet,  it  was  considered  necessary  to  connect  it  by  a  level 
with  a  neighbouring  well  18  feet  3  inches  distant.  The  miner 
entrusted  with  the  work  having  failed  to  find  the  bore-hole, 
Mr.  Haddon  procured  four  8-jnch  bar-magnets,  placed  end  to 
enif  and  secured  between  two  laths  of  wood.  These  he  lowered 
into  the  bore-hole  with  the  south  pole  downwards,  and,  by  noting 
the  deflection  of  a  compass-needle  at  different  points  in  the  mine, 
he  found  that  the  bore-hole  was  8  feet  from  its  expected  position. 

A  powerful  magnet  was  also  applied  with  success  in  the  mines 
of  the  Upper  Hatz.  There,  according  to  Mr.  0.  Brathuhn,  on 
March  17,  1898,  a  level  connecting  the  Eaiser  Wilhelm  II.  shaft 
and  the  Bosenhof  shaft  was  successfully  hcded.  The  requiaite 
traverse  had  a  total  length  of  2,600  yards,  and  the  junction  of 
the  two  roadways  was  effected  with  mathematical  accuracy. 
The  result  is  of  special  interest,  inasmuch  as  the  mine  surveyor, 
Mr.  Flachsbart,  was  obliged  to  employ  a  great  variety  of  methods 
of  surveying.  He  had,  for  example,  to  connect  the  surface-  and 
underground-surveys  ■  by  calculation,  by  means  of  plumb-lines 
and  by  means  of  the  magnetic-needle.  A  special  triangulation- 
survey  of  the  surface  had  to  be  made,  the  two  base  lines  for 
which  afiorded  an  opportunity  of  testing  the  steel  rods  subse- 
quently used  for  measuring  the  lengths  of  the  station  lines 
undei^Tound.  The  Bosenhof  shaft  is  an  inclined  one,  and  in 
the  upper  portions  quite  unsuitable  for  traversing.  Consequently 
it  was  necessary  to  utilise  the  vertical  Silbersegen  shaft  down 
to  the  south  level.  There  plumb-lines  and  the  magnetic  colli- 
mator were  employed,  and  the  traverse  carried  down  the  inclined 
Bosenhof  shaft  to  the  seventeenth  level.  The  average  inclina-  - 
tioD  of  the  shaft  is  77°.     In  the  shaft  an  eccentric  theodolits 
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wu  wt  Up  is  three  places,  wid  horizontal  and  vertical  angles 
meaauied.  The  Beveateenth  level  to  the  Btarting-point  of  the 
nev  connectiDg  loadwsf  is  over  100  yarda  in  length  and  very 
tortuooB,  BO  that  the  theodolite  had  to  be  Bet  up  twenty-two 
timee,  the  work  being  rendered  difficult  by  the  number  of  Bhort 
lines  of  eight.  The  roadway  driven  from  the  eeventeenth  level 
contained  only  eight  angles  in  a  length  of  ovei  650  yards.  The 
otientatdon  of  the  seventeenth  level  was  effected  with  the  aid  of 
the  magnetio  collimator.  That  of  the  heading  driven  from  the 
Kaiser  Wilhelm  II.  sliaft  was  calculated  with  the  aid  of  the 
Konigin  Maria  shaft  over  960  yards  distant.  The  azimuth 
obtained  was  tested  by  magnetic  observations,  and  a  difference 
of  twenty-two  seconds  were  observed.  The  calculated  result 
was  adopted.  No  difficulty  was  experienced  in  the  survey  of 
this  heading,  in  a  length  of  over  90  yards,  the  theodolite  bung 
set  up  only  axteen  times.  The  length  measurements  were  made 
with  two  2-metre  steel  rods  along  a  stretched  cord,  the  fractions 
being  measured  with  a  brass  metre  rule  divided  into  millimetres. 
The  clinometer  was  used  for  determining  the  inclination  oAhe 
ooid,  and  each  line  was  measured  twice  at  least.  Foi  leveUiog, 
the  starting-point  selected  was  the  level  of  the  water  in  the 
navigable  adit  level,  which  is  horizontal  and  2,700  yards  in 
length.  It  connects  the  Silbers^en  and  Kaiser  Wilhelm  shafts 
760  feet  above  the  horizon  at  which  the  connection  was  to  be 
effected  by  this  survey.  Vertical  depths  in  the  inclined  Bosenhof 
shaft  were  measured  with  Borchers'  steel  rods,  and  these  ap- 
[dianoes  were  ^o  used  in  vertical  shafts. 

As  the  connecting  roadway  was  intended  subsequently  to  be 
used  for  electric  hauli^e,  an  accurate  junction  was  desirable. 
Consequently,  when  the  headings  were  within  6  yards  of  each 
other,  the  (Urection  was  tested  by  means  of  a  powerful  magnet 
165  lbs.  in  weight  composed  of  six  bars,  in  the  manner  proposed 
by  Borchere. 

The  level  of  the  two  headings  was  tested  in  the  same  way. 
In  this  way  an  exact  junction  was  effected,  This  final  teat  is  of 
great  value  to  a  surveyor  in  charge.  In  this  case  he  knew  five 
days  before  the  holing  was  effected  that  the  work  had  been 
carried  out  with  accuracy.  When  the  holing  had  been  com- 
pleted an  accurate  survey  was  made,  and  the  deviations  found 
in  the  two  traverses  were  0*112  metre  in  the  ordinatea,  0-451  metre 
in  the  abscissce,  and  thirty-three  seconds  in  the  azimuth.  The 
difference  in  level  was  found  to  be  1'5  millimetre 
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PhOTOOBAPHIC  SuBVETtKO. 

Pbotogrammetry.— The  tlieoiy  of  the  methods  by  which  plans 
and  sections  may  he  obtained  hy  means  of  photographB  has  been 
termed  photogrammetry.  The  principles  of  photc^raniinetiy 
were  developed  by  Lambert  as  fai  back  as  1769.  The  first 
application  was  mode  in  the  years  1791  to  1793  by  Beautemps- 
Beaupr6,  who  oonstnicted  topographical  plans  bom  his  per- 
spective hand-sketches  made  during  his  voyage  round  the  world. 
The  first  camera  constructed  for  this  purpose  was  osed  in  1851 
by  Colonel  Laussedat,  who  in  this  way  surveyed  a  portion  of 
Paris  in  1861.  Bince  then  the  method  has  been  largely  developed 
in  Germany,  Austria,  and  Italy,  and  the  literature  of  the  subject 
is  now  considerable.*  The  principle  of  the  method  is  simple. 
If  a  photograph  be  taken  from  a  point  of  which  the  position  is 
already  known,  the  direction  of  the  axis  of  the  object  glass  and 
the  focal  length  of  the  lens  being  also  known,  and  the  line  of 
the  horizon  being  marked  on  the  picture,  the  picture  can  be  laid 
down  on  a  sheet  of  paper  on  which  it  is  desired  to  plot  the  survey, 
and  will  give  the  direction  from  the  point  of  olwervation  of  all 

*  The  foUoving  ue  the  principal  work*  on  pbotogrunmetry : — Colooel 
Laouedat'g  exhauittTe  artiolei  in  the  Memorial  de  iofficitr  Ju  ginit,  18fi4, 
No.  16,  uid  1864,  No.  17 ;  "  Die  Fbotogrammetiie,"  by  Dr.  Stolze,  Halle, 
1S87  :   "  Die  Phottumnmetrie,"  by  Dr.  Kappe,  Weimar,  1889 ;   "  Photo- 

Eft^y  applied  to  SarreyiDg,"  by  Lieut.  H.  A.  Beed,  New  York,  1888 ; 
F.  Pagauini'i  Mtidee  in  the  Rivitta  di  Topojrafia,  1889;  "Die 
Phofa^vphie  im  Dinute  dee  Ingenieon,"  by  F.  Steiner,  Vienna,  1891  ; 
"  Die  PhotogiaphiMhe  TerrainaufDabme,"  by  V.  Pollack,  Vienna,  1891  ; 
"  Die  Photogmphifobe  HeMknnat,"  by  F.  Schiffner,  Uaile,  1892 ;  "  Das 
Photographiiche  AnfDebmen  ni  wiMeneobaftlicben  ZweokeD,"  b;  A.  Heyden- 
baoer,  Berlin,  1892 ;  "  Bt^onta  de  Photogramm^trie,"  by  V.  LegioH, 
Parii,  1892 ;  E.  HoqM'b  article  in  the  Af  AnoirM  dt  la  soeiM  des  ingtnitvra 
eiviU,  1894,  p.  316 ;  "  PhotogTaphio^nrveyinR,"  by  E.  Derille,  Ottawa, 
189fi;  "  AnwendonR  det  Pholographie  in  der  MesBkooit,"  by  E.  Doleul, 
Halle,  1896 ;  "  Lea  Inatnimeiita  topographiqDei,"  by  A.  Laoaeedat,  Patio, 
1898 ;  "  TopograQa  fotographioa,"  by  C.  de  Iriarte  and  L.  Nftvano,  Madrid, 
1899 ;  and  A.  O.  Wheelei's  paper,  Tnmt.  tnaL  M.E.,  toL  zxi,  1903,  p.  41S. 
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the  points  the  podtaon  of  which  is  required.  Two  phot<^raphs 
o[  the  same  object  taken  from  difierent  known  points  define 
the  poaitioD  of  eacli  object,  and  also  enable  altitudes  to  be  cal- 
culated or  gnphic&Uy  detennined.  In  fact,  the  metbod  of 
surveying  is  exactly  that  of  the  plane  table,  with  the  difference 
that  a  great  portion  of  the  work  which,  with  the  plane  table, 
haa  to  be  done  in  the  field  is,  with  the  photc^raphic  method, 
done  in  the  office.  The  degree  of  accuracy  obtainable  is  obviously 
not  excesnve.  The  method  is,  however,  well  adapted  for  such 
topographical  surveys  aa  mining  engineers  are  sometimes  called 
upon  to  execute. 

Instrument  Used.— Tbeie  are  many  types  of  photo-theo4oliteB 
in  use.  The  principle  is,  however,  the  same  in  all.  The  instru- 
ment consiBtB  of  an  ordinary  theodolite  in  which  the  telescope 
is  replaced  by  a  camera,  whose  optic  axis  is  accurately  parallel 
to  tlut  of  a  telescope  placed  at  the  side.  A  graduated  horizontal 
circle  and  a  vertical  circle  enable  the  angles  to  be  read  with 
accuracy,  and  a  spirit-level  fixed  to  the  camera  serves  to  ensure 
the  horizontality  of  the  instrument.  The  holder  for  the  plates 
is  provided  wi^  points  of  thin  sheet  metal  which  mark  the 
horizontal  and  vertical  lines  on  the  picture.  The  point  of 
intersection  of  the  marking  should  coincide  witii  point  raghted 
at  the  cross-wires  of  the  telescope; 

A  compact  instrument  for  photc^aphio  surveying  has  been 
designed  by  Mr.  J.  Bridges  Lee.*  It  consists  essentially  of  a 
photograpluc  camera  fitted  infdde  with  a  magnetic- needle,  which 
carries  a  vertical  transparent  scale  divided  and  numbered  to 
360°,  and  also  with  cross  fibres  which  intersect  at  right  angles. 
The  fittings  and  adjustments  of  the  instrument  are  of  such  a 
character  that  the  camera  can  be  accurately  levelled  and  directed 
towards  any  point  in  a  horizontal  direction,  and  when  a  photo 
graph  is  taWn  in  an  ordinary  way  the  bearing  of  the  meridian 
vertical  plane  which  bisects  the  instrument  through  the  photo- 
graphic lens  will  be  recorded  automatically  on  the  face  of  the 
photograph.  The  vertical  fibre  (and  its  image  on  the  photo- 
graph) serves  as  an  index  to  read  the  bearing ;  and  the  same 
fibre  marks  by  its  shadow  a  line  right  across  the  phott^raph, 
which  marks  the  meridian  vertical  plane  on  the  im^e.  The 
horizontal  fibre  is  adjusted  to  mark  on  the  image  the  horizont^ 
plane  which  bisects  the  photographic  lens.  The  oamem  rests 
on  a  divided  horizontal  circle,  which  can  be  adjusted  to  a  truly 
horizontal  position  by  levelhng  screws.  There  is  a  tripod  stand. 
.     *Soc  a/  Sn^tneer*  Tratu.,  1899,  p.  171. 
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and  head,  witt  enitable  appliancee  for  supporting  and  adjusting 
the  instrument  in  position.  The  camera  is  provided  with  a 
rectilineal  doublet  lens,  and  iris  diaphragm  and  rack  and  jnnion 
focussing  adjustment.  It  is  made  of  aluminium,  and  it  is  siii- 
mounted  by  a  telescope  adjustable  in  altitude,  and  fitted  vitb 
vertical  and  horizontal  webs ;  and  it  ia  also  Bunnounted  by  a 
tubular  level  which  can  be  rotated. 

The  present  form  of  the  Bridges-Lee  photo- theodolite,  made  by 
Mi.  L.  Casella,  of  London,  has  been  adopted  because  experiment 
has  proved  the  necessity  of  great  nicety  of  mechanical  adjust- 
ment to  obtain  the  best  residts.  One  very  important  addition 
to  the  usefulness  of  the  instrument  is  the  insertion  of  a  scale  of 
angular  distance  photographically  prepared  by  the  same  lens  as 
that  fitted  in  the  instrument  when  complete  for  surveying  pur- 
poses. The  scale  is  so  attached  to  the  frame  that  it  is  photo- 
graphed on  every  picture  taken,  and  by  its  aid  the  angulat 
distances  of  any  point  in  the  picture  right  or  left  of  the  median 
vertical  plane  may  be  read.  In  order  to  avoid  possible  confusion 
among  the  |»ctures  obtained,  it  is  found  advisable  to  record 
notes  indicating  the  nimiber  of  the  picture,  station,  altitude, 
and  magnetic  variation  on  the  face  of  the  picture  rather  than  in 
a  note  book ;  and  special  provision  has  been  made  to'enabte  this 
to  be  done  easily. 

The  canstruction  of  the  Bridges- Lae  photo-theodolite  is  shown 
in  Fig.  164,  in  which  A  is  the  aluminium  box  provided  with  a 
rectilinear  photographic  lens ;  C  is  the  horizontal  circle  divided 
in  half  degrees  with  a  vernier  reading  to  minutes ;  £,  the  tele- 
scope free  to  rotate  only  in  a  vertical  plane ;  in  the  most  recent 
instruments  the  telescope  is  held  between  two  supports ;  F,  the 
vertical  limb  divided  in  half-degrees  with  vernier  reading  to 
minutes ;  0,  revolving  tubular  level ;  H,  fallii^-back  to  camera 
with  hinged  joints,  and  with  a  window  of  polished  glass,  h',  in 
the  ground  glass,  h,  through  which  the  vertical  index  hair  and 
compass  scale  can  be  read ;  I,  rectangular  frame  of  metal  rigidly 
attached  to  a  bottom  plate  that  supports  the  compass-box ;  it 
can  be  racked  backwards  and  forwards  by  the  aid  of  a  transverse 
pinion  traversing  the  bottom  of  the  box  and  terminating  in  two 
milled  heads,  J  J.  Pointers  that  revolve  with  the  pinion  serve 
to  show  whether  the  internal  structures  are  forwaid  or  back 
when  the  falling-back  of  the  camera  has  been  let  down,  and 
replaced  by  a  double  dark  slide  containing  a  photogia^hJcally 
senaitave  plate.  The  rectangular  frame,  I,  can  pass  inside  the 
double  dark  sUdea  used,  when  the  ahntteis  are  open,  and  carry 
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baok  the  halis,  K  K',  which  it  supports  imtil  they  touch  the 
plate.  LL  are  small  tablets  of  thin  tianspaient  celluloid,  on 
which  any  particulars  required  are  noted.  H  is  a  magnetic 
compaae  with  vertical  cylindrical  transparent  scale  graduated  in 
half-degrees  trom  0°  to  360°.  The  scale  passes  close  to  the 
vertical  index  hair,  but  never  touches  it,  N  is  a  catch  to  hold 
the  double  dark  slide  in  place.  0  is  a  microscope  with  universal 
joint  movement  to  permit  of  itfl  beii^  used  either  for  reading 
horizontal  angles  oi  compass  bearings ;  P  an  adjustable  micro- 
scope for  reading  verticiu  angles.  8  is  the  clamp  and  tangent 
screw  for  the  telescope.  Clamps  and  tangent  screws  (not  shown 
in  the  illustration)  are  also  provided  for  the  horizontal  circle 
and  for  the  camera.  The  crosses  marked  U  on  the  top  of\he 
box  indicate  the  focal  distance.  The  instrument  is  provided 
with  tribrach  locking  plates  and  levelling  screws,  and  is  sup- 
ported on  a  strong  tripod.  Attached  to  the  frame,  I,  carrying 
the  hairs,  K  K',  ib  a  horizontal  transparent  scale  of  angular 
distances,  photographically  prepared  by  the  aid  of  the  identical 
lens  and  instrument  used  for  surveying. 

ApplicaHon  to  Mining  Worl[.--MT.  H.  M.  Stanley,  of  Arizona,* 
successfully  employed  the  photographic  method  in  a  survey  of 
the  propeiities  of  the  Flata-Reina  de  Senora  Mining  and  Milling 
Company,  edtnated  in  the  mining  district  of  Las  Flanchas, 
Mexico.  The  area  surveyed  comprised  about  6  square  miles 
in  broken  mountainous  country.  In  order  to  carry  out  the  work 
as  quickly  and  as  accurately  as  possible,  it  was  decided  to  tri- 
angulate the  area,  and  to  complete  the  work  by  photographic 
surveying  ;  an  8  by  10  Eastman  camera  being  used.  The  first 
picture  was  taken  to  the  north  and  to  the  right  of  the  meridian. 
The  others  were  taken  round  the  circle,  one  after  another,  so  as 
to  lightly  overlap,  care  being  taken  to  note  the  height  of  the 
instrument  and  the  index  number  for  each  picture. 

The  method  of  plotting  employed  by  Mr.  Stanley  is  illustrated 
in  Fig,  165.  The  point.s  marked  "  Corruscos,"  "  Mejia,"  "  N. 
Coneccion,"  and  "  N.  Guadalupe "  are  points  established  by 
triangulatioD,  at  each  of  which  pictures  were  taken.  This  sketch 
was  originally  constructed  on  a  scale  of  i  inch  to  150  feet.  The 
focal  distance  of  the  lens  used  is  20-3  half-inches. 

In  order  to  fix  the  point  "  W.  Ladera,"  it  was  found  on  ex- 
amining the  pictures  that  this  point  is  on  VIII.  Mejia  and  I. 
North  Guadalupe.  The  first  operation  is  to  orient  these  pictures 
'-i.e.,  find  and  plot  the  position  of  the  optical  axis  and  of  the 
*  Tram.  Amtr.  Intl.  M.E.,  toL  zz.,  1S91,  p.  740. 
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pictura  in  each  caw.  On  VIIl,  Hejia,  the  point  "  Comisoos  " 
i§  known.  Mark  it  (1)  on  the  baek  of  the  negative.  With  the 
dividers  measure  carefully  the  horizontal  distance  from  thia 
point  to  the  vertical  axis.  From  a  diagonal  scale  of  equal  parts 
constructed  on  a  half-inch,  the  horizontal  distance  is  found  to 
be  ■+■  5*63  half-iaches,  or  units,  and  as  it  is  to  the  right  of  the 
vertical  axis  it  is  maiked  plus.  This  distance  is  the  altitude  of 
a  right-angled  triangle  whose  base  is  the  focal  distance  of  the 
lens.  The  hypothenuae  is  the  distance  from  the  optical  centre  of 
the  lens  to  the  image  of  the  known  point  on  the  picture,  in  this 
case  "  CoTiuBcos."  The  tangent  of  the  aogle  at  the  base  of  the 
right-angled  triangle  is  equal  to 


h5-53 


=  +  0-27241. 


The  orientation  angle  is  therefore  +  15°  15'. 

This  lesult  is  placed  in  the  proper  column  of  a  table  ruled  as 
follows ; — 
Photographic  Survey  of 
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To  plot  the  petition  of  the  optical  axis,  draw  a  line  thioi^h 
the  station  Hejia,  nuUdng  with  the  hTpothenuae,  Hejia- 
ComiBcos,  an  angle  equal  to  —  15°  16' — i.e.,  to  the  left.  Make 
this  line  equi^  to  20-3  half-inohes  or  units  and  it  will  be  the 
optical  axis.  A  line  perpendicular  to  it  at  its  extremity  will  be 
the  position  of  the  poture  VIU.  Hejia.     In  the  aame  inanner 
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th«  {nctnra  I.  N.  QtudAlupe  maj  be  oriented  aa  showit  on  the 
sketch,  uang  for  the  pnxpoBe  {K>int  (1)  of  that  pictuie,  which  is 
the  flag  at  N.  Coneocion.    The  ciUoulation  in  this  cue  ie  :— 

Orientation  angle  =  +  15°  04'. 

The  two  picturea  having  been  oriented,  the  podtions  of  all 
points  common  to  them  both  may  be  determined.  On  pictiue 
VIIL  Mejia,  it  is  seen  that  the  point  W.  Ladera,  pdnt  (2), 
is  —  3-80  units  to  the  left  of  the  vertical  axis,  and  +  0'81  nnit 
above  the  horizontal  axis.  The  same  point  (2)  on  the  piotuie 
I.  N.  Guadalupe,  is  +2-36  units  to  the  right  of  the  vertical 
axis,  and  —  0-61  unit  below  the  horizon.  These  results  are 
recorded  on  the  calculation-sheet.    Now, 


Location  angle  =  —  10°  36'. 

At  the  point  Hejia  draw  the  line  Mejia-W.  Ladera,  making 
with  the  optical  axis  an  angle  equal  to  —  10°  36' — that  is,  to  tha 
left  of  the  optical  axis. 

From  picture  I.  N.  Guadalupe  it  is  found  that 

tl^  =  tangent  of  angle  =  +  0-11576. 

LocatioD-angle  =  +  6°  36'. 

At  the  point  N.  Guadalupe  draw  the  line  N.  Guadalupe-W. 
Ladera,  making  an  angle  with  the  optical  axis  of  picture  I. 
N.  Guadalupe,  equal  to  +  6°  36' — that  is,  to  the  right  of  the 
optical  axis.  The  intersection  of  the  two  lines  Mojia-W.  Ladeia 
and  N.  Guad^upe-W.  Ladera  is  the  position  of  the  point  W. 
Ladera  which  was  required. 

This  point  could  have  been  determined  graphically.  On  tha 
line  L  A  B  lay  ofi  A  B  =  —  3-80.  Through  B  and  Mejia  draw 
the  line  Mejia-W.  Ladera.  On  the  line  D  F  N  lay  oS  F  E 
=  +  2-36,  and  draw  N.  Guadalupe-E-W.  Ladeia.  These  two 
lines  will  intersect  at  W.  Ladera.  The  distance  Mejia-W.  Ladera, 
and  also  N.  Guadalupe-W.  Ladera  ate  scaled  from  the  map  and 
placed  in  the  proper  column  of  the  calculation-sheet. 

To  find  the  elevation  of  W.  Ladera,  or  its  depression  abovo 
or  below  Mejia  and  N.  Guadalupe,  Xia  procedure  is :— Througb 
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the  point,  B,  dnw  B  C  perpendicular  to  B-Mejia,  and  make  it 
equal  to  -f-  0-81  unit.  Through  Mejia  and  C  draw  the  line 
Mejia-O-M.  At  W.  Ladeia  draw  W.  Ladera-U  perpendioulai  to 
Hejia-W.  Ladera.  Then  the  line  W.  Ladera-M  is  the  elevation 
of  W.  Ladera  above  Mejia,  and  it  may  be  scaled  and  placed  on 
the  calonlatdoD-aheet. 

At  £  draw  D  £  perpendicular  to  the  line  N.  Guadalupe-W. 
Ladera  and  equal  to  —  0*51  unit  and  at-  W.  Ladera  draw  W, 
Ladera-G  perpendicular  to  the  same  line.  ThroDgh  N.  Guadalupe 
and  D  draw  N.  Guadalupe- D-G.  Then  W.  Ladera-G  is  the 
de^seeeion  of  W.  Ladera  below  N.  Guadalupe.  Scale  this,  and 
place  it  on  the  calculation-sheet. 

To  calculate  the  elevation — 

In  the  right-angled  triangle  Mejia-A-B,  the  sde  Mejia-B 
=  20-6  units. 


COB  10°  36' " 

In  the  right-angled  triangle  Uejia-B-C,  the  tangent  of  angle 

at  base  =  ^:  =  0-03932  ;  the  angle  of  elevation  =  2°  16'. 

In  the  triangle  Mejia-W.  Ladera-M,  the  side  W.  Ladera-M  =a 
5668  X  tan  2°  16'  =  222-8  feet. 

In  the  triangle  N.  6uadalupe-F-£,  the  side  N.  Guadalupe-E 

=  ;;:;rl^  =  20-4  unite. 

cos  0   36 

In  the  triangle  N.  Guadalupe-D-£,  the  tangent  of  angle  at 

base  =—  =  —  0-02500;  the  angle  of  depression  =  — 1'26'. 

In  the  triangle  N.  Guadalupe-W.  Ladera-G,  the  side  W, 
Ladera-G  =  6292  X  tan  1°  26'  =  157-3  feet. 

Therefore,  W.  Ladera  is  222-8  feet  above  Mejia,  and  157-3  feet 
below  N.  Guadalupe.  If  Mejia  ia  500  feet  above  the  datum 
plane,  then  W.  Ladera  is  722-8  feet  and  N.  Guadalupe  380-1  feet 
above  the  same  plane.  In  the  same  manner  any  other  point 
on  these  two  photographs  may  be  determined  graphically  or  by 
calculation. 

The  p<Hnt  W.  Ladeia  may  be  deternuned  from  one  photograph, 
thus: — 

The  side  Corruscos-Mejia  is  known  from  the  triangulatioo, 
and  the  bearing  of  Comucos-W.  Ladera  from  the  field  notes. 
Then  in  the  triangle  Corruscos-Mejia-W.  Ladera,  the  angle  at 
CorruBcos  =  139°  IB'.  From  the  photograph  VIII.  Mejia,  the 
ftnglee  16°  16'  and  10'  36'  may  be  found  aa  before.    Their  sum 
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25°  SI'  is  the  angle  at  Mejia.  The  an;:;le  at  W.  Lodeia  ie  equal 
to  180"  ~  (139"  46'  +  25"  51')  =  14"  24'.  The  triangle  can  now  be 
solved  by  the  ordinary  siiie-formula,  and  the  distances  from 
Mejia  and  N.  Quadalupe  to  W.  Ladeia  and  theii  bearings  can 
bo  determined. 

Fbotographio  sarre^ng  has  also  been  succeBstully  adopted 
in  other  mining  districts.  Lieut.  H.  A.  Reed  in  his  work  on 
photography  applied  to  surrejdng  reproduces  an  excellent  French 
photographic  map  of  an  area  of  13-6  square  miles  in  the  vicinity 
of  Samte-Marie-aux-Mines.  The  field  work  wm  plotted  to  the 
scale  of  niW-  1*^^  contours  have  an  equidistance  of  5  metres. 
The  field  work  occupied  10  days,  the  number  of  photographic 
etatiooB  was  31,  ot  prints  62,  and  ot  pdnts  determined  1,400. 

In  1880  the  Carrara  marble  quarries  were  successfully  surveyed 
by  L.  P.  Paganini  by  the  aid  of  photography,  the  mountainotis 
character  of  the  district  having  rendered  the  use  of  the  plane 
table  inconvenient.  The  method  was  also  used  by  V.  Pollack  in 
1890  for  a  survey  required  in  connection  with  the  construction 
of  a  mountain  railway  at  the  Eisenerz-Vordernberg  iron  mines 
in  Styria,  and  in  1898  by  Ui.  E.  Seville  in  preparing  a  map  of 
the  Klondyko  goldfields  from  sixteen  photographa  taken  under 
very  adverse  conditaons  from  three  points  at  altitudes  of  2,870, 
3,700,  and  3,450  feet. 

In  Canada  the  method  has  also  been  employed  on  a  number 
of  surveys  in  the  Yukon  district,  on  the  Columbian  river,  and  in 
the  Kootenay  mining  cUstrict.  It  was  also  need  by  Mr.  A.  0. 
Wheeler  in  his  survey  of  the  Crow's  Nest  coal  area.  Some 
difficulty  was  experienced  in  finding  camera  stations  sufficiently 
commanding  to  overlook  deep  valleys.  In  order  to  obviate  this 
difficulty  Mr.  Wheeler  conducted  traverses  up  the  main  water- 
ways. The  lines  of  direction  were  obtained  by  theodolite  readings, 
and  the  elevation  was  carried  through  by  vertical  angle  readings 
at  each  station.  For  determining  distances  some  pattern  of 
micrometer  or  stadia  was  used.  For  this  purpose  a  modified 
'  form  of  the  Lugeol  micrometer  was  found  to  give  satisfactory 
results.  It  consists  simply  of  a  telescope,  having  a  bisected 
object-glass,  one  of  the  halves  being  movable  along  the  line  of 
section  by  a  screw.  Two  images  are  formed  in  the  field  by  the 
bisected  lens.  Distances  are  determined  by  the  number  of  screw- 
TovolutionB  necessary  to  bring,  into  optical  coincidence,  the  upper 
and  lower  targets  of  the  refieoted  images,  The  targets  are  beat 
made  of  white  opal  glass  set  in  wooden  frames,  and  are  fastened 
to  a  rod  at  a  known  distance  apart )  say  16  to  20  links  (10  to 
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13  feet).  TMb  is  called  the  ba«e ;  it  is  geneially  furnished  with 
an  iion  shoe  and  is  stuck  in  the  giound  in  a  vertical  position, 
the  target  extending  aide-Tays  at  right  angles.  Attached  to  the 
screw  of  the  movable  half  of  the  object-glass  is  a  graduated 
head,  which  measures  in  revolutionB  and  hundredths  the  section 
of  arc  passed  over  in  making  the  coinddence  of  the  tar^ts.  It 
is  merely  necesaary  to  find  the  value  of  a  revolution,  in  order 
to  enable  the  distance  to  be  determined  for  each  residing.  I^ables 
can  readily  be  constructed  bo  that  distances  can  be  taken  out 
by  inspection. 

Advantages  of  Pliob)grainmetry.~From  the  foiegoing  de- 
scription it  is  evident  that,  with  the  camera  as  a  surveying 
instrument,  the  field-work  may  be  performed  with  great  rapidity. 
The  reduction  to  a  minimum  of  the  time  occupied  in  field-work 
is  the  chief  advantage  of  the  method.  The  survey  of  a  length 
of  3  mites  of  the  Windischgarst«n^pital  railway  in  Austria, 
covering  the  entire  width  of  the  valley  and  including  the  heights 
on  the  right  side,  recorded  in  24  pictures  by  Hafierl,  occupied 
in  favourable  weather  four  and  a-half  hours.  With  the  climatic 
conditions  obtuning  at  the  Ariberg  in  1889,  it  was  absolutely 
impossible  to  use  any  other  method  of  surveying  the  predpitous 
peaks.  It  ie  thus  evident  that  the  method  is  specially  useful 
in  the  nnhealthy  malarious  districts  that  a  mining  engineer 
is  often  called  upon  to  survey.  It  is  also  well  adapted  in 
mountainous  and  difficult  country  for  laying  out  rack-riulways 
or  aerial  wire  ropeways.  The  successful  phob^raphic  surveys 
of  the  Arlbsrg  and  of'  the  Rosstrappe  mountain  m  the  Harz 
show  that  inaccessible  regions  may  easily  be  eurveyed  It 
follows  that  it  is  possible  to  survey  regions  that  cannot  be 
traversed  without  danger,  such  as  railways  in  operation,  glaciers, 
ground  above  mines  where  subsidence  has  set  in,  or  areas  to 
which  access  is  forbidden  by  the  owners.  There  is,  too,  the 
further  advantage  that  additions  may  at  any  time  be  made  to 
the  plan  without  a  fiesh  survey  being  necessary.  The  plotting 
of  the  survey  is  not  attended  by  difficulty,  as  the  plan  results 
from  an  appUcation  of  the  simple  method  of  intersections,  whilst 
the  representation  of  surface-forms  and  of  heights  is  effected 
either  mechanically  oi  by  the  use  of  tabular  values  that  are 
easily  applied.  With  carefully  constructed  instruments,  the 
results  exceed  in  precinon  those  obtdned  with  the  compass  or 
with  the  plane-table.  As  addenda  to  the  plans,  the  photographs 
recording  the  survey  will,  for  the  purposes  of  mine  reports,  oft«n 
Bupidy  useful  iufomiation. 
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APPENDIX   I. 


BXAUINATION  QUERTIONPj 

The  foHowtng  exunination  queslioDS  vill  b«  tound  nutnl  to  thoM  itadenU 
who  have  not  the  advantags  of  Togulai  inBtmctuin  in  taine-Barreyuig, 
BSoTding  them  a,  metuos  of  peiBonaUy  tsBting  their  knowledge : — 

1.  Give  the  length  of  (t  link,  and  of  a  chain.  How  ma^  ohaina  are  there 
In  a  mile,  and  how  manj  acres  in  a  Bqaare  mileT  (CoUitry  Matiager*' 
Examination,  Brielol.) 

2.  In  chaining  oTer  doping  ground,  how  do  yon  ooirect  for  the  inolink* 
tion  T  Give  t,  Bimpte  nle  when  the  indination  i«  aipreMed  either  in  angular 
measure  or  aa  a  gradient,  t.g.,  1  in  B,  1  in  16.  (City  and  Oailds  of  LotwUm 
ItutituU,  Emmivation  in  MintSarvtifiiig,  1S60.) 

3.  Deacribe  the  miner's  dial,  and  note  the  improvementi  reoentlj'  intio- 
duoed  into  itg  oonetractioD.  {Boyat  School  of  Mitiet,  Exaviini^ion  tn  Jfine- 
Snmeyinn,  1884.) 

4.  Give  a  oopj  of  a  page  of  a  Barrey -book  reootding  an  imaginu}^  ander- 
gTound-sorref.  How  may  ;^n  approximately  aaoertoin  the  date  of  tbo 
workingB  of  an  old  nndat«d  plan  T  {Colliery  Managert'  Examinalion,  Weit 
Lan«iuAire,18S7.) 

5.  Deaoribe  the  Hendenon  dial,  and  state  its  Bupposed  odrontagM  otbi 
the  rMk  inatniment.    {R£.M.,1883.) 

6.  Oiva  a  short  description  of  the  miner'fl  dial,  with  Its  usual  applianoes, 
especially  when  it  ia  used  as  a  theodolite,  the  needle  being  thrown  ofi. 
(City  Quildg.  I8S0.) 

7.  DeKiribe  a  Gnuter'a  oi  land  measaring  chain.    (Otiy  GuiUm,  1881.) 

8.  What  i«  meant  by  the  term  true  meridian  t  Deioribe  a  simple  method 
for  approximately  determining  it.    (Otty  Oitildg,  188S.) 

9.  State  the  preaent  deTiation.  In  what  mannei  ia  the  deviation  oiually 
fonnd  to  vary  from  year  to  year,  also  in  travelling  from  one  locality  to 
another  at  a  considerable  distance  T    {City  OntMt,  1^.) 

10.  Sketch  on  paper  the  following  bearings  of  a  snrvey ; — N.  S2°  BL, 
68Unks;  8.  Sl°  E.,  95  links  j  N.  63°  £.,  78  links:  N.  20°  E.,  97  links; 
N.  36"  W„  87  links;  N.  87°  W.,  140  links;  S.  62°  W.,  140  links ;  S.48°E.. 
8S  links.    {CoUitry  Manageri,  Dtrby.) 

11.  Explain  the  traverse  tables.    (CoUierf  XanagtraySouOi  Walt*.) 

12.  Suppose  yon  were  driving  towoids  an  old  waste,  which  is  shown  on 
a  plan  20  yean  old,  explain  tJie  precantions  to  be  taken  as  regards  the 
metidiao.    {CaUitrv  Manoftri,  Dtny,) 
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1S>  Too  HO  tMuiMd  U)  tntveiM  over  •  lerel  in  whioh  nib  ue  laid 
down.  Hov  woaU  voq  proceed  to  Die  an  ordinarf  miDei's  dial  under  (he 
oiiounutaooN,  the  dial  being  without  a  taok,  but  (applied  with  two  teti  of 
laga  T  The  only  true  bearioa  wm  one  taken  in  a  oToa.<int  north,  at  a  dt8> 
tiooe  of,  ny,  S  fathoma  off  the  main  lersl,  whwe  the  toavene  u  being 
made ;  thit  oroM-oat  oeooning  ftbont  haU-waT  in  the  tnreiw.  Bnle  k 
•nppOMd  page  of  your  mtderaroand  book  niited  to  Aia  pnipoM,  and  givp, 
•ay,  ail  dntft*  or  bearion  dfaapposed  to  be  affeoted  by  tiie  attTsotirai  of 
the  taili,  the  polarity  of  the  whole  being  govMned  by  the  true  bearing  in 
the  crota-ont  north.  If  time  will  permit,  inaerl  diitanoea  and  prove  yonr 
work  by  pbtting.    (Otty  Ovtlif,  18SS.) 


IS.  The  three  udea  of  a  triangle  measure  li4,  IBS,  and  240  linki  rcapee- 
tirely.  Find  the  area  of  the  triangle  in  square  yards,  and  the  angle  opposite 
to  the  shorteat  side.    (Cily  Guildi,  1886.) 

IS.  What  is  the  area  in  «tatat«  acreage  of  a  triangolttr  field  iritoae  tides 
meuure  2,420,  1 ,8S0,  and  2,O0S  links  leapectively  T  A  ^etoh  may  be  given, 
bnt  not  to  saale.  Logarithms  are  recommended  for  the  caleulaUoo.  iCitii 
Oxildt,  1883.) 


18.  The  area,  in  aoraa,  roods,  and  poles,  is  required  of  an  irr^ular  field, 
which  was  surveyed  by  ronning  one  line  through  it  from  end  to  end  (A  to 
B),  with  offsets  taken  as  under : — 
Ns  plas  to  be  drawn. 


0-80 
8-6S 
3-93 


UnjUt  ol line,  ISfiD ohaina.  [City  OnUOi,  1883.) 
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t9.  Qive  ft  geheml  deocription  of  the  theodolite,  and  explain  the  method 
in  which  joq  wontd  nse  it  in  making  an  ande^roiind-SDrvey.  (Cih/  Qtiilds, 
1S87.) 

20.  What  are  the  ipeoiol  advuilagca  and  diaadvantageB  in  the  use  of  the 
ordinary  miner'*  oompasi  u  oompi^d  with  the  theodolite  T  (City  Ouildt. 
1887.) 

21.  Hie  area  of  a  field  ia  determined,  by  an  ordinary  ohain  aurve;,  to  be 
117  aorea  2  roods  33  polei;  it  ia  afterwards  found  that  the  ohain  used  waa 
only  96-6  linka  long ;  what  ia  the  true  ai?a  of  the  Geld  I    {City  Quitde,  1907.) 

22.  Caloulate  the  nnmber  of  oobio  yards  oonlained  in  a  rubbish  tip 
standing  on  level  ground,  the  area  of  the  baee  of  wbiob  ia  38,755  aquare 
feet,  and  of  the  level  top  18,660  aqnaie  feet.  The  average  height  ia 
43-3  feet.    (R.S.if.,  1912.) 


23.  WoA 

out  the  following  aeriea  of  levela. 

abowins  the  height,  above 

the  Station  A  of  each  point  taken:—                               -     ' 

IHlUlllM. 

Buk^Slglit. 

Fore-Slght. 

A 

12-63 

0-40 

-■ 

9-16 

1-00 

7-43 

1-60 

5-31 

2-00 

4-06 

3-50 

M6 

4-60 

9-06 

0-42 

e-60 

7-60 

6-50 

6-tS 

8-00 

;■ 

3-60 

0-00 

2-12 

10-50 

lli-'l5 

0-75 

11-20 

8-70 

13-00 

4-45 

14-60 

3-23 

— (Cily  Ouildt.  1881.) 


L   of   the   following 
■action : — Top  ooal,  2  feet  4  inches ;   band,  0  foot  10  inches ;   ~ 
1  foot  8  inohea ;  total,  4  feet  10  inohea,  taking  the  apeoifio  gravity  of  eoal  at 
1-2S.    {CoUioT/ Matiagtri,  Xsaautlt-on-Tiptt.) 


taking  the  apeoifio  gravity  ai 
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tS.  Bov  nvah  ootl  nd^t  bs  expaeted  to  tw  BTkiUUs  in  an  Are*  «t 
IN  aoTM  ^  k  4-(Mt  Main,  allowiiig  cmtt-flt^  tor  Unlti  Mid  WMle  T  (Sci'exca 
•ml  Art  DijmtmttMt.  gxamtnatkm  n  Mimtng,  1884.) 

S9.  The  Mlid  aMit«nti  of  « lode  an  Id  Tolune  per  cent. ; — 

QalcM ,  .  .30 

Zkie-bbndr,  .     '  .  .IB 

IranpyritM 20 

Quarti, Se 

Wliat  ii  the  weidiit  per  onbio  fathom  of  the  stnlt  aikd  of  it*  different  ooii' 
atitoanU  T    (5.  m3  A.  D.,  LSU.) 

M.  A  oopper  lode  ii  14  inohea  thick,  containing  oopper  pTrites  and 
flnonpar  in  um  propoiticai  of  2  parts  of  flaonpai  to  1  part  of  ooppw  pjritee. 
What  ii  the  we^t  of  a  •qnaie  (athom  of  the  lode,  allowing  one-tibittieth 
foe  hollow*  1    (Siehard.) 

SI.  A  leTel  7  feat  high  ii  driToi  on  a  tin  lode  8  Inohea  thiok,  of  which 
One-lMith  il  oxide  of  tin,  tkt  remamder  beins  quartx.  How  many  tons 
ot  tin  itoS  will  be  obtained  per  fathom  in  kogUi,  if  the  lode  it  quite  lolid  t 
(ilvohwtL) 

32.  In  woiking  to  the  full  rise  of  a  aeam  of  wfaieh  the  inclination  is  I  in 
12  yon  meet  wiUi  a  riee  fault  of  10  yardi.  What  will  be  the  lengUi  of  a 
me  tnnnel  to  be  drawn  at  the  inolination  of  1  in  6  between  the  eetun  at  the 
low  uds  of  Out  fanlt,  and  the  nam  on  ita  riae  aide,  anppowng  the  fault  to  be 
vertical  T    (Cotti'ery  Umagtrt,  West  Lmetuhire,  1887.) 

33.  Plot  on  a  aoale  ot  8  fatboml  to  the  fnoh  the  following  nnderground 
ttrrene,  taken  with  the  oidinarj  miner's  "  left-band  "  dial : — 


No. 

B«ulug. 

DUtaaee. 

t^n.,^ 

From  centre  of  pp.  ahaft. 

366' 80' 

10    4    9 

A  at  oiOBiing  of  EaM  lereL 

B 

84-26' 

7    3    2 

(1 

93°  04' 

S     1     9 

C    At  X  out  N. 

\\fl 

342"  09' 

7    3    0 

D'    ENS    do. 

D 

" 

96°  06' 

3    6    9 

END. 

—(CUti  Onildt.  1883.) 
34.  Dteoribe  the  ordinary  method  of  naing  the  theodolite  in  making  an 


,.  Google 


DUUDce,  Cl»inb 

VtrtKalludinkUni. 

HorUonUI  AiielM- 

ShftfttoA 

1'90 

0°   0' 

A  B=  US"  15' 

AB 

6-75 

4°  36' 

B  =  177"  30' 

BC 

4-30 

3"  13' 

C  =  313°  64' 

CD 

B-77 

0"   0' 

D  =    97''  20' 

DE 

3-M 

EF 

613 

0°  0- 

V  =  187=  SO' 

FQ 

3-01 

8°  80' 

The  horizontal  angles  are  those  on  the  left  hand  of  a  pereon  travelling  in 
the  direotJon  ol  tho  rarrey,  and  the  magnetio  bearing  ot  the  line  F  O  is  30° 
eMt  of  north.    (Ctty  ChiU«,  1867.) 

36.  The  diffenoM  of  level  of  two  ^inta  Mveral  miles  apart  a  reqnited 
with  great  ezaotneH,  aod  a  lerdlmg-uutrament  of  high  power  i«  used  foi 
thepnrpow. 

Under  what  oironmstMioei  would  it  be  neoeuar;  to  allow  for  the  ■pherioal 
form  of  the  earth,  and  in  what  manner  wonld  yaa  make' the  proper  oorrec- 
tionBT    (Ctly  OiitMf,  1887.) 

37.  A  ooUiM7  wa^on  wa^  is  laid  down  in  a  straight  line  from  A,  near 
the  shaft,  to  a  point  B,  in  a  diteo&D  40°  east  of  north,  and  is  Ui  be  extended 
to  join  a  main  line  of  railwaj  towards  the  east,  running  dne  north  and 
■onth.  The  distance  from  B  to  the  main  line  is  30  chains,  measnred  due 
east,  and  the  jonction  is  to  be  nude  by  a  ourve  60  chains  radius. 


oeotre  of  the  shaft  to  the  eastern 


■wing  is  tl 
a  end  of  tl 


e  end  of  a  level  driven  from 


So. 

Bearing. 

DUt^os. 

867'00' 

B 

r. 

81°  30' 

3      0      0 

I) 

90°  00' 

8      1       1 

V. 

GOO 

F 

4      3      0 

« 

10S°00' 

3      4      5 

H 

86°  00' 

3      3      0 

J 

77=46' 

3      2      7 

K 

361°  00' 

4      4      0 

EMD. 
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Nu. 

vtuins. 

»u.« 

fni.    n. 

Idl 

4       2 

10 

from  eartero  END. 

B 

SSB^OO' 

2      3 

(1 

C 

28BM5' 

3      1 

B 

l> 

283"  15' 

3      2 

(1 

F. 

279°  30' 

S      4 

3 

F 

268°  43' 

7      2 

» 

a 

2«3°00' 

4      2 

» 

H 

WO"  15' 

3      4 

H 

177"  45' 

7      1 

10 

contre  of  shaft. 

Caloulate  the  diBtaaoe  luid  bearing,  from  Pendacves'  abaft,  of  the  point  at 
tbo  Burfaoe  nt  which  the  new  shaft  mnit  be  sunki 

39.  Sketch  and  dercribe  a  hanging  oompase,  state  in  which  way  it  is 
tested  and  repaired,  and  describe  the  manaer  of  it*  appUoatiou.  [Totio 
Univernt]/,  Japan,  1879.) 

40.  Give  a  short  d««riptioa  of  the  German  dial,  and  vhat  yon  onnsider 
to  be  its  merits  oi  demerits  as  oorapared  with  the  English  miner's  dial. 
(Cify  Ouildt,  1S80.) 

41.  Detoribe  the  oontinenta)  metiiod  of  snrveying  mines  by  means  of  the 
flanging  oompass,  giving  aketohee  of  the  instraments  emploved.  (BjS.M., 
1886.) 

42.  What  methods  have  been  osed  to  detennins  the  deviation  of  boM> 
holes  from  the  vertioal  I    (5«owe  and  Art  DepaTtmenl,  1887.) 

43.  At  the  Soot^bman's  United  Mine,  Stawell,  and  in  various  other 
places,  it  has  been  found  that  bores  made  by  the  diamond  drill  have 
deviated  so  serionsty  from  their  initial  direction  as  to  imply  errors 
amounting  to  from  30  to  7G  feet  in  bore-boles  of  600  feet.  Describe  a 
method  of  making  a  survey  of  snob  boreholes,  and  assaming  the  errors 
to  have  been  detected,  how  is  it  possible  to  straighten  a  bore  which  has 
boon  so  deflected  as  to  endanger  the  safety  of  the  drill  T    (RS.M.,  1885.) 

44.  How  ahoold  the  compass  be  ased  in  exploring  for  iron  ores  T  (ILS.II., 
1887.) 

45.  Two  parallel  lodes  were  discovered  at  the  surface,  which  was  level, 
30  yards  apart  nnderlying  south,  the  souQi  lode  making  an  angle  with  the 
horizon  of  65  degrees,  the  north  lode  of  62  degrees.  Reqnired  the  per- 
pcodiontar  depth  from  the  surface  to  their  point  of  intersection ;  and  how 
far  Bontli  of  the  soutb  lode  would  the  centre  of  a  perpendicular  shaft  have 
to  be  placed  to  come  down  to  the  same  point  T  Illustrate  by  a  sketch,  not 
ncoessaril;  to  scale,  but  a  scale  is  reBommended  in  order  t«  roughly  test  the 
Bccaraay  of  the  calculations.    (Cily  Quildi,  1883.) 

46.  niustrate  in  colours  the  following  ports  of  a  finished  plan,  scale 
^fi  fathoms  to  the  inch  ; — A  road  26  feet  wide  bounded  on  each  side  by  a 

hedge  or  bank  6  feet  wide,  showing  a  gateway,  with  a  cross  hedge  or  two, 
also  a  hoase  30  feet  by  20  feet  abutting  on  the  road,  with  a.  pond  adjoining 
open  to  the  road,  but  vltb  the  hedge  continued  round  its  other  sides     The 
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pond  not  to  be  less  than  68  feet  long  and  26  feet  wide,  ud  of  an  oVal  bat 
uregnlai  shape.  A  shaft  10  Eeet  bj  6  feet  to  be  aboim  in  one  of  the  fields, 
sumnuided  by  a  bnirow  oc  nibbiui  heap  which  is  to  be  eketohed  in  wiUi 
pen  and  indiau  ink.  The  whole  drawing  to  be  about  1  foot  in  length. 
{Ci^  Ouildt.  1883.) 

47.  Without  the  application  of  a  protractor,  lay  off  the  following  angles 
from  the  aame  ba»e,  viz. : — 20,  30,  and  62  degreea,  nalng  a  table  of  natnral 
sines  for  the  purpose.    Describe  the  process.    (City  Quildt,  1883.) 

48.  In  the  triangle  A  B  C,  the  angle  A  =  37°  45',  B  =  72°  15',  and  (he 
nde  A  B  =  431.  find  the  ^es  A  C,  B  C,  and  the  perpendicular  distance 
from  C  to  A  B.     {City  Ouildt.  1887.) 

49.  In  the  triangle  A  B  C,  the  Bide  A  B  =  305,  A  C  =  180,  and  the  anglo 
B  =  26°  30'.  Determine  the  angles  A  and  C,  and  the  aide  B  C.  (City 
Gvildi,  1887.) 

80.  What  do  yon  nnderstand  by  the  word  traversing  T  Where  in  this 
form  of  snrvOTing  necessary  T  How  wonld  jou  use  an  angular  instiiiment 
in  the  operation,  and  how  would  you  cheofc  the  acouraoy  of  the  plotting 
of  the  work  by  trigonometry  T    (C%  Qvilda,  1883.) 

01.  Describe  the  true  meridian,  as  compared  with  the  magnetic  meridian. 
How  does  the  adoption  of  the  latter  affect  plans  made  from  compass 
observations  and  added  to,  as  in  mine  plans,  from  year  to  year  I  (Oilg 
Gmlia,  1882.) 

S2.  It  is  desired  to  know  the  exaot  distance  and  bearing  of  on  imaginary 
line  between  the  centre  of  a  perpendicular  shaft  A  and  a  point  B  in  a  level 
andergroond,  over  which  it  ia  intended  to  sink  another  perpendicular  shaft, 
tile  duiUing  of  the  level  commencing  from  A.  Sketch  the  auppoaed  drafte 
undergronnd,  marking  each  with  its  l»igtb  and  bearing,  and  proceed  to 
describe  the  beat  and  moat  accurate  method  of  laying  down,  at  the  aaifaoo, 
the  line  reqoired,  and  the  position  of  the  proposed  new  shaft  over  B.  (City 
QuOda,  1881.) 

*63.  Describe  the  ordinary  process  of  levelling,  stating  any  preoautionfl 
requited  to  ensure  aoonraoy.     [City  Ouild*.  1885.) 

64.  Work  out  the  following  aeries  of  levda  and  plot  in  the  form  of  a 
•action.  Eoritontal  acale  1  chain  to  the  inch,  vertical  scale  20  feet  to  the 
inch.    Datum-line  60  feet. 


Back-Bight. 

Fan-atgbt. 

ChailM. 

Jeet 

Jeet. 

0-70 

1-30 

8-86 

1-60 

8-86 

2-30 

2-45 

13-96 

6-40 

3-60 

540 

0-62 

4-06 

1262 

8-80 

5-40 

8'80 

112 

7-00 

2-32 

706 

B-40 

1-33 

0  06 

1020 

3-34 

5'87 

11-36 

S-87 

»10 

— (Ctly  Ouitd*,  1886.) 
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iOO  HIME-BUKVBTINa. 

fiS.  Plot,  on  a  wtle  of  S  oluuM  to  m)  iooh,  the  following  aatvej  ^- 


»-. 

BMring. 

Il.Clll»tlOO 

A 

8-80 

11»°*6' 

B 

7-47 

m- 16' 

3°  60' 

13-03 

141-32' 

D 

3-40 

196"  BO' 

E 

600 

m'w 

8' 36' 

11-66 

266°  36' 

0 

S-20 

272°  22' 

— (CilifOuiH*.  1865.) 

56.  A  ttnight  draft  ia  loqaiied  to  be  driven  of  uniform  inolin&tKn 
between  G  twd  0.  How  mtut  it  be  let  out  from  Moh  end  1  iCitv  OuUde, 
I6SS.) 

57.  Deioribe  the  method  of  nging  the  tranait-theodolite  in  older  to 
meMDM  hoilitHltal  and  vertical  anglea  with  great  precision.  (CUy  Qvildt, 
ISS6.} 

68.  EzpUn  the  principle  of  the  veroier,  and  detotibe  the  manner  in 
wfaioh  Ton  would  oonelract  a  Temiei  for  a  oirole  to  read  30  seconda,  when 
the  an  ii  divided  into  quarter  degreeg,    (fi.  S,  M.,  1S84.) 


60.  In  a  20-fathom  level  driven  on  an  east  and  west  lode,  underlying 
north,  a  winie  hae  been  oommenced  bearing  due  north,  and  it  is  determined 
to  piteb  a  rise  againit  it  in  the  40-fathom  level ;  the  SO-fathom  level  not 
having  been  driven  far  enongh  eaet  for  the  parpoae.  How  would  yon 
determine  the  exact  point  in  the  40-fathoiii  level  to  atari  from  T    (B.  8,  M., 


96.) 
61. 


N. 

An^.. 

Beuing. 

»».». 

b™^ 

B 

0 

O^OO' 
00°  21' 
175°  12' 

361°  29' 

fmt  It.    ini. 
10    4    S 
»    3    2 
12    0    0 

From  oentM  of  abaft. 
END. 

62.  Idy  down,  on  a  scale  of  1  chain  to  the  ineh,  the  aorvey  given  on 
page  89,  reur«eenting  a  four-aided  field  connected  with  the  ahaft  of  a  mine. 
~  -     '  te  the  area.    (CUy  Ouildi.  I88f'.) 
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83.   Rot  the  following  snrvey,  by  W.  Riokard,  of  a  Cornish  minp : — 
From  pp.  line  in  WiAiins'  ahaft  at  the  60  fathom  level. 


No. 

B«ri.ie. 

Distance. 

'nolinatCoii. 

Inclined 
Ungt),. 

K,..r.,. 

fm. 

It    m 

fm    (t    tn 

A 

176°  00- 

3 

2  "o 

B 

77=30' 

4 

I     9 

C 

82=40' 

B 

3    3 

D 

97'  16' 

3 

2    9 

to  Vivian's  winio. 

E' 

4' 16' 

F.  75°  45' 

10     6     6 

F» 

285°  00' 

7 

2    9 

G' 

293°  00' 

e 

3    3 

to  Williams'  shaft. 

E 
F 

171"  00' 
76°  16' 

67°  00' 

R.  74°ir 

5     3     6 

Up  shaft  to  pp.  line. 

7 

2    9 

0 

16°  30' 

2 

4    6 

At  X  cut  drive  to 
regain  the  lode. 

H 

183°  00' 

6 

2    9 

On  lode.'' 

J 

94°  45' 

0 

4    0 

to  John's  rise. 

K» 

182°  30' 

B.  87°  30' 

11     3    0 

Up  rise  to  60  fm.  level. 

L» 

84°  15' 

6 

4    9 

M» 

75°  30' 

6 

2    8 

to  Hitoheil'a  shaft. 

K 

79'  IS' 

8 

5    4 

END. 

64.  State  the  nature  of  the  dialocationa  or  hearet  of  lodes,  their  prohable 
origin,  their  appearance  vertically  and  on  a  horizontal  plane ;  and  the 
varions  rules  that  have  been  recommended  foT  regaining  the  severed  portion. 
iR..S.M.  Examination  tn  Mining,  1879.) 

65.  A,  B,  and  C  are  three  bore-holes ;  the  depths  of  which  from  the  same 
horizoDtAl  plane  to  a  seam  of  coal  are  respectively  100,  lOS,  and  108  yarde. 
r^m  A  to  B  is  100  yards,  and  from  A  to  C  120  yards.  The  angle  in  a 
horizontal  plane  between  A  B  and  A  G  i?  30'.  What  is  tho  direction  of  the 
dip  of  the  seam,  and  the  angle  of  dip  I    [Slerivale'a  Notes  and  Formvla.) 

66.  Name  the  permanent  adjustmants  of  the  transit  theodolite,  and  state 
how  they  are  made.    {Edinbi.rgh  Univtrtily,  1888.) 


68.  Suppose  yon  were  required  to  take  levels  along  an  underground 
toadway  in  order  to  plot  a  eeation  showing  both  roof  and  floor,  state  what 
mstruments  yon  would  use  and  how  you  woald  proceed.  (CoUitry  Managers. 
Wtat  fmoMAire,  1887.) 


is  you  travel  northwards  or  eastwards  T    ifiily  Qvilda, 
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488  HIKE-BUBVETTNO. 

TO.  DMoribe  th«  Hedky  ditd.    (Gils  Ouildt,  iB&B.) 

71.  Explkin  what  is  meant  by  the  trae^eiidian.  How  may  the  trae 
meridian  be  determined  by  simple  obeervatioQa  oi  some  weU-knowu  start ! 
{City  GuiUt,  1BS8.) 

12.  Deooribe  the  method  of  meaauring  horizontal  angles  with  the  theo- 
dolite by  the  prooess  of  repetition,  and  point  out  the  special  advantages  of 
this  mode  of  oaing  the  instrument.     {Gity  Quildi,  1888.) 

73.  Explain  the  method  of  reducing  and  plotting  a  survey  by  rectangular 
eo-ordinat«e.  What  are  the  advantages  of  this  method  aa  oomparad  with 
the  ordinary  mode  of  plotting  with  the  Boale  and  protractor  1  {City  Qvilda, 
1889.) 

74.  What  is  meant  by  the  term  "  error  of  oollimation  "  as  applied  to  a 
traniit-theodolite  1  How  may  this  error  be  detected  and  reotified  T  Assam- 
ing  tiiat  a  considerable  error  of  ooUimation  is  allowed  to  remain  onaonected, 
in  what  manner  will  it  affect  the  meaaurement  of  an  angle  t  Can  the 
instrument  be  used  in  such  a  manner  sa  to  neutralise  this  error  T  iOity 
Qviidt,  1889.) 

7B.  It  is  required  to  determine  the  position  of  a  distant  point,  C^  In  the 
working  of  a  colliery,  with  reference  to  the  surface.    For  this  purpose  a 


voy  is  made  with  the  theodolite  above  and  underground,  from  the  shaft 
A  H>  C,  and  also  to  a  secoud  shaft  B,  by  which  means  the  underground-  and 

surf  ace -surveys  are  connected.    Show  how  yon  would  carry  oat  the  sarvey 


K>  as  to  obtain  the  most  accurate  result. 

Give  your  idea  as  to  the  degree  of  accuracy  attainable  W  this  method ; 
and  how  far  it  will  depend  upon  the  relative  positions  of  the  points  A,  B, 
and  C,  and  the  nature  of  the  surveys  between  these  points.  {City  Onildi, 
1889.) 

76.  Describe  the  slide  rule.    (City  Onilda,  ISM.) 

77.  A  line  is  measured  on  a  anifono  slope  of  1  in  17.  What  allowanoe 
per  chain  mnst  be  made  for  the  inclination  T 

78.  What  ia  meant  bv  the  declination  of  the  needle,  and  what  is  the 
amount  of  it  at  Qreenwioh  now,  imd  what  was  it  ten  yoara  ago  (  What 
precautions  must  be  oonstantlv  taken  to  insure  the  accuracy  of  mining 
plans  in  oonsequance  of  the  variation  of  declination  T    {Gity  Guilds,  1893.) 

79.  In  the  oase  of  a  mine  with  only  one  shaft,  which  is  vertical,  and 
where  there  is  iron,  which  cannot  be  removed,  in  every  part,  explain  how 
to  connect  the  underground  with  the  sorface  snrvey.    {Gily  Gaildt,  1893.) 

80.  The  sides  of  a  triangle  are  1,200,  1,100,  and  1,000  links  in  length 
respectively,  what  is  its  area  in  acres,  roods,  and  perches  T  Suppose  this 
area  to  be  in  a  horizontal  plane,  and  to  be  covered  by  a  seam  of  coal  lying 
at  an  inclination  of  34°  from  the  horiiontal,  the  ihickness  of  the  coat  being 
uniform  and  measuring,  at  right  angles  to  the  dip,  3  feet  in  thickness, 
what  ia  the  tonns^  of  coal  in  the  seam  over  the  above  area  I  {City  Otiilda, 
1891.) 

81.  What  errora  in  direction  are  likely  to  arise  in  surveys  made  with 
the  magnetic-needle,  and  how  can  such  errors  be  contioUed  and  corrected ! 
{S.(mdA.D..lsm.) 

82.  In  what  manner  and  on  what  principles  can  the  measurement  of 
the  distances  and  the  levels  of  a  series  of  points  in  ringed  countiy  be 
aipedited  T  Give  examples  with  sketches  of  the  application  of  tite  mettiod. 
{Univnily  OoUtg*.  ISBS-) 


,.  Google 


AFPBMDIX  1 


453 


83.  Whftt  u  the  deolin&tion  of  the  needle  at  the  present  time  at  Qreen- 
wkh  or  on;  other  place  with  which  von  aie  acquainted  T  Will  there  be  any 
difference,  and  if  lo,  abont  how  much,  between  the  declination  of  the  oeedle 
at  Liverpool  and  at  HullT  What  waa  the  declination  at  Oieenvioh  (or 
othet  pla«e)  tea  ;e»nago  (approximately)!    {Citg  Onildt,  18B6.) 

64.  Explain  with  aketohes  the  construction  of  a  dial  snch  as  is  generally 
Died  in  torveying  minet.     (Ci(y  Ouilda,  1S96.) 

86.  What  are  the  reqnirements  of  the  Coal  Hinea  Regulation  Act  as  to 
ooUieiy  working  plans  T  What  further  information  should  they  afford  in 
addition  to  what  is  legally  reqaited  T  lOoUiery  Managtrt,  Wttt  Lanea- 
Mrt,  18»6.) 

80.  On  a  seam  dipping  south  I  in  6,  what  will  be  the  gradient  of  a  road 
dciTsn  northeast  t    {8.  and  A.  D.,  1S96.) 

87.  What  Is  the  declination  of  the  magnetic-needle  at  Camborne  at  the 
tmsent  time,  and  to  what  extent  does  it  differ  from  the  declination  at 
Oremwich  T  What  a  meant  by  the  seonlai  variation  of  the  needle  T 
{Camboni€  Mining  Schotil,  1897.) 

88.  A  coal  seam  is  0}  feet  thick,  with  a  dip  of  1  in  7.  What  tonnage  may 
be  expected  from  an  area  SO  ohains  square  t    (iS.  and  A.  D.,  1897.) 

S9.  A  heading  driven  doe  east  in  a  seam  of  coal  rises  at  the  rate  of  2 
inohea  per  yard,  and  a  croea-heading  at  right  anelee  to  the  former  dips  at 
6  inohe«per  yard.  Find  the  direction  of  the  strike  of  the  seam.  ( Univer- 
tUy  of  Walu,  1898.) 

90.  Draw  an  open  icale  of  feet  to  a  aoale  of  17  feet  3  inchea  to  tlie  inch, 
and  long  enough  to  measure  100  feet ;  and  beneath  it  draw  a  scale  of  metrea 
ahowing  decimetres  on  the  same  scale.    [City  Ottildi,  1898.) 

91.  Plot  the  following  section  to  a  vertical  wale  of  10  feet  to  tiie  inch, 
and  a  horizontal  scale  of  3  chains  to  2  inches ; — 


Va 

Bsck-tlght. 

Inter- 
in  edtate 

Tore-right. 

Hot«: 

LlDlu. 

0 

13-27 

B.S 

on  peg  A. 

B6 

B-ie 

72 

8-97 

127 

0-20 

1-09 

103 

6'37 

ZM 

4-86 

308 

10-20 

364 

1-87 

14'75 

306 

4i6 

10 

430 

4-06 

11 

467 

9-39 

12 

563 

13-24 

13 

024 

13-87 

F.8. 

— M 

Find  the  angle  of  alope  from  peg  A  to  p^  B.    ((7ilyai>Jib,  I8B8.) 

02.  What  methods  have  been  proposed  to  obtain  the  greataat  smOBnt  of 
light  from  a  safety  lamp,  where  only  thia  kind  r,l  lunp  con  be  used,  bj 
nnde^tonnd  anrveyon  I    {Sob  South  Wab*.  1808.) 
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WHE-SUBVETlHO. 


93.    What  B 
■ni^n  roMl*  pat  on  the  ooUiery  pi — ..    ,_ , 

9t.  In  a  oloMd  traverse,  how  could  jon  prove  that  the  mlerioT  anglei 
wetaoomotl    {Nea  SoiUh  Wait*.  1898.) 

95.  Cotutraot  a  diagonal  loale  of  S  fathonu  to  the  inch,  long  enongh 
to  meanm  30  fathom*,  and  (howing  fathoma,  feet,  and  lochea.  {Cits 
OuiUt,  1904.) 

96.  Calonlate  the  oo-ordinatei,  and  plot  iy  co-ordinatefl  the  following 
tlMod<dHe  mtrev  of  a  oroM-ont ;  theodolite  graduated  to  the  right  hand, 
Mt  originally  ptnnting  dne  north ;  meainreffleiita  in  links.  SosJe,  3  chain? 
to  the  inch.    Cabolale  length  and  bearing  of  line  required  to  close  the 


Va. 

Htilillan  Auglt. 

^^ 

H. 

McridUn  Aogle. 

^^ 

42' 26' 

B96-6 

0 

307°  40- 

369-4 

42°  40' 

468-fi 

10 

300°  20' 

909-5 

M'OO' 

063-4 

11 

306' 17' 

448-4 

42'' M' 

738 

12 

306=34' 

438-4 

42=19' 

1228-8 

13 

306' 12' 

279-2.". 

43' 43' 

778-6 

14 

"  221°  ir 

680-8 

310'  03' 

237 

16 

220' 30' 

557-6 

312°  68' 

363 

16 

180°  22' 

639 

— (Crty  Ouilda,  1898.) 
97.   Plot  the  following  anrrey  made  with  a  right-handed  theodolite,  tiie 
instrument  being  pointed  dae  north  at  the  first  station.    All  meaanrements 
in  feet  and  inches.    The  month  of  the  upper  level  wa«  found  to  be  117-3S 
feet  above  the  lower.   Soak,  40  feet  to  tjie  inch  : — 


^"^ 

Iferidlu 
A»|]«. 

"^ 

iu™». 

n.  int. 

AB 

349°  23' 

79    0 

B  U  at  mouth  of  lower  drift, 

4  feet  wide. 

BC 

316°  05' 

109    0 

CD 

343' 20' 

41     0 

D  in  vein.  4  feet  3  inohei  wide. 

DG 

57°  22' 

6S    0 

Vein  4  feet  8  inches  wide. 

104    e 

Vein  e  feet  3  inches  wide. 

FQ 

27' 38' 

143    0 

0  at  centre   of  winie,  4  feet 
9  inches  square. 

AH 

19' 32' 

308    0 

H  la  at  mouth  of  upper  drift, 
4  feet  3  inches  wide. 

BJ 

0'27' 

59    6 

JK 

346°  49' 

67    6 

K  U  in  vein.  3  feet  9  inches 
wide. 

KL 

22°  29' 

44    0 

L  at  centre  of  wfaue,  4  feet 
9  inches  square 

Determine  direction  and  angle  of  dip  of  w 


,    (Ct(ya(iJdt,1898.) 
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lie  50  feet,  of  9  feet 

9Q.  Draw  a  diagonal  Boole  of  2  feet  3  inohes  to  the  inch,  long  enongh 
to  mesture  16  feet,  and  ahowing  feet  and  inchei.    iCity  Ouildg,  1899.) 

100.  The  three  udes  of  a  tmngnlaT  field  measure  197, 125,  and  B9  yard* 
respeotively  ;  oalonlate  ita  area  in  sores,  etc.    (City  OuUdt,  1890.) 

101.  Plot  the  foUoving  tiaverae  survey,  and  determme  the  length  and 
bearing  of  the  line  jouung  points  A  and  E  : — 

Ueildtin  Angla.  Length. 

A  B      ,        .        .      226°  2  chains  78  links. 

BO       .        .        .      123°  2      „     to    „ 

CD       .         .  242°  1      „      82    „ 

DB       ...       172°  2      „      86    „ 

Plot  to  a  scale  of  2  inches  to  tbo  ohaiit.     (Ci'ly  Ottildt,  tB90.) 

t02.  BxpUin  how  vov  would  set  out  a  right  angle  b;  means  of  tm  ordinary 
nrveyor's  chain.    (City  Qvilds,  1899.) 

103.  An  embankment  on  level  ground  is  100  yards  long,  17  feet  wide  on 
lop,  and  10  feet  high,  the  sides  have  a  batter  of  J  in  3.    Calculate  its  anlwo    ' 
eontents.    {City  Quilds,  1899.) 

104.  A  coal  seam  dipping  1  in  10  is  thrown  down  by  a  fault,  inclined 
80°  to  the  horizontal,  the  TertJcal  throw  being  ISO  feet ;  a  drift  is  started 
from  the  upper  portion  of  the  seam  to  the  down-throw  portion  with  « 
fall  of  3^  inches  to  the  yard.  How  long  will  the  drift  b«  T  WHy  (htiUa, 
1899.) 

106.  A  man  6  feet  10  inches  high  walks  from  an  observer  lying  on  Uia 
fttound  towards  a  ohimney  until  the  top  of  his  head  is  seen  to  be  ezaot^ 
in  line  with  the  chimney  top ;  his  distance  from  the  observer  is  16  paoss, 
and  from  the  chimney  107  paces.  What  is  the  height  of  t^e  ohimney  T 
(City  Ouildt,  1899.) 

106.  A  lighthoQsa  is  seen  on  an  island  about  half-a-mile  from  a  flat 
sandy  shore.  How  will  yon  determine  its  ezaet  distance  using  only  a 
snrveyor's  chain  and  ranging  poles  t    (City  QviUU,  1S99.) 

107.  A  tonnel  driven  into  a  hillside  rises  1  in  IB;  it  cnte  a  eoal  seam 
dipping  20°  towards  the  tmmel  month ;  the  width  of  the  seam  meaaond 
along  the  floor  of  the  tunnel  is  19  links.  How  many  tons  of  ordinu? 
bitomioout  coal  will  the  seam  contain  per  acre !    (City  GuHdt,  1899.) 

108.  A  seam  of  mineral  dips  20°  towanis  N.  39°  B. ;  at  what  bearing 
should  a  road  be  set  out  in  the  seam  so  as  to  have  a  gnide  ot  2}  inches  to 
the  yard?    (City  Onildi,  \S9a.] 

109.  How  would  you  surrey  with  a  plain  miner's  dial  in  a  mine  in  which 
there  are  much  iron  machinery,  rails,  pipes,  etc. !  Qive  a  page  from  an 
imaginary  sarvey  book  with  at  least  eight  drafts,  and  show  how  yon  wonld 
Dalonlate  the  traverse  from  them  in  illnstratiott  of  yonr  answer.  (City 
Ouildt,  1890.) 

110.  Explain  the  sabtense  method  of  determining  distances.  (City 
Quildt,  1890.) 

111.  A  ourre  ot  10  chains  radios  is  to  be  set  out  to  connect  a  main  lavd 
with  a  aroBB.cut  at  right  angles  to  it ;  describe  in  detail  how  this  shonld 
bs  done.    (City  Qvildt,  1899.) 
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Mnm-svKvmaa. 
1 13.  aire  »  p«ea  from  mi  uamgiBuj  lerd  book,  •kowiiig  at  IsMt  Iwtlre 


IIS.    ThefoUoi 
righl-hMided  theodoi 
•nd  being  brongbt  baok  to 


Lting  due  N.  M  the  fint  at&tion 

. .  .        .„...„_.. after  each  reading.    Ueasoremoiits  in  links. 

Oaloulate  the  waney  and  plot  it  by  oo-ordinatea.    Scale  2  inchea  =  1  chain. 


Tbwidoiiia 

»«»rt1nBi, 

,   leo'w 

.     17$°  21' 

,     148°  61' 

183°  6i' 


ens' 

170"  21' 
186°  21' 
121°  39' 


to  olow  the  survey,  and  the  area  ei 
iCHg  Guild;  1S«0.) 

114.  WoA  ont  the  following  seiiea  of  lereU  and  plot  in  the  fonn  of  a 
■eotion.  Horizontal  loale  1  ohain  to  an  inch.  Vertical  ecale  20  feet  to 
an  inch.    Datam  line  fiO  feet. 


DIrtMiee. 

BuktiRbt. 

ron-il^t 

0-70 

1-30 

8-86 

1-60 

3-eG 

2'30 

2-46 

13-96 

6'40 

3-60 

6-40 

0-62 

4-oe 

12-62 

8-80 

S'40 

8-80 

1-12 

7-00 

2-32 

7-06 

9-40 

1-33 

9-9« 

10-20 

3-3i 

S-87 

11 -311 

8-87 

910 

!««««. 

Chai^. 

ffiiaftt«A 

1-90 

A  146°  15' 

A  „B 

6-76 

B  177°  30' 

B  „C 

4-30 

0  213°  54' 

0-77 

D   97°  20' 

E   „F 

613 

F  167°  80' 

F   „  G 

3-01 

nGoogle 


467 

Tlu  horimkUl  u^Jet  am  those  oa  tb«  kft  baud  of  a  person  tnv«Ubg 
ia  the  direotkm  of  the  sarvej,  mnd  the  magnetic  bearing  of  the  line  F  O  is 
80°  east  of  uortb.  Also  lednoe  tbe  above  readings  to  one  meridian,  and 
l^t  ;onr  proof.  Eipkin  how  jon  would  oocrect  the  aboTO  torrw  if  made 
m  a  seam  ooniiderably  inclined.    {Nova  Scotia  Managers'  Exam,,  18M.) 

lis.  Pbt  the  following  to  a  Male  oE  1  chain  to  ui  inch  ; — 

N31°W,2761inka. 
N  B0°  E,  610    „ 
8  30°  B,  280    „ 


117.  Down  a  shaft  underlying  south,  the  following  were  meaeuied  :- 


16°  45'  620  I  6°  30'  2K 

f  on  are  required  to  find  <a)  the  depth  of  a  Tertical  shaft  proposed  to 
be  snnk  on  the  soath  aide  to  intersect  the  termination  of  the  survey,  and 
(i)  the  hoiiiontal  distaoee  between  the  tops  of  the  two  shafla.  Scale 
132  feet  to  an  inch.    INew  SmM  Waia,  1800.) 

118.  Plot  the  following  to  a  soak  of  2  chains  to  an  inch,  and  find  the 
bearing  and  length  of  the  seventh  set  to  tie  with  the  b^inning  of  the  firat 


8  47i°E,  340  links. 
8  704°  W,  180    „ 
S  301°  E,  424    » 


N  621°  W,  710  links. 
N  41^   E,  230    „ 
N62i''W,S40    .. 
(NtwBontiK  Wales,  1896.) 


BKk->l|llt. 

rore^Wit. 

DUiuo. 

r«t. 

Feet. 

UDkL 

n-OG 

9-77 

230 

9-77 

4-86 

425 

4-88 

1-94 

632 

1-94 

4-08 

246 

12-05 

6-05 

627 

6-DS 

6-72 

110 

6-72 

1-92 

780 

162 

2-73 

260 

Express  the  gradient  in  bohes  per  yard.    {Hew StmA  Wales,  ISM.) 

120.    The  three  udea  of  a  triangle  measure  370,  295,  and  466  yards 

tespeotively ;   draw  the  triangle  to  a  scale  of  100  feet  to  the  inch,  and 

aaloulate  iU  area  in  acres,  etc.    IGilf  ChiiUs,  1900.) 
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111.  An  embankment  ii  30  chauu  long,  the  top  u  10  feet  wide,  one  eide 
hM  B  dope  of  66°  mad  the  other  of  S0°  to  the  vwtioaL  The  ground  uid 
lop  of  the  emiMnlcment  nre  level,  and  the  embankment  ia  13  feet  high  »t 
the  oontre.    Caktnlate  iti  contents  in  aabio  juie.    (City  OaiU*,  1900.) 

122.  Drev  a  Male  ot  ^  to  iboir  feet.  Mid  long  enough  to  meuuTs  20  feet. 
iCilf  OuOtU,  1900.) 

1 23.  Plot  the  following  travene  linea,  all  starting  from  one  central  point  i 
Male  20  feet  to  1  inch : — 

1,  .  .  N.  77°  E.  64  feet. 

2,  .  .  .  N.  21°  30'  W.  1  chain  13  Unks. 

3,  .  .  .  N.  1S°  IS'  B.  le  ;»nb. 

4,  .  .  .  8.  29"  20'  W.  187  linki. 

5,  .  .  .  &  S6°  4S'  E.  14  (athoml. 

(City  Ouilde,  1900.) 

124.  How  many  toni  of  ooal  per  aere  will  theie  be  in  a  aeam  3  feet 
f  inohea  thick,  dipping  at  an  angle  of  9°,  allowiug  20  per  cent,  deduction 
tor  fault!,  etc.  t    (Citg  Ovilds,  1900.) 

125.  In  the  oidinarjr  miner's  dial  the  E.  mark  it  to  the  left  of  the  N. 
Why  ia  thit  I    (City  ChtiUt,  1900.) 

1 20.  Endain  the  torau  dinmat  Tariation,  dif^  declination,  and  Beoulai 
variation  o!  the  magnetfo-needle.    {(7(ly  Chtilda,  1000.) 

127.  Yon  have  to  meamre  the  width  of  a  deep  tivBi  about  ISO  yards 
wide,  and  yonr  only  meaauring  initniment  ia  an  ordinary  chain.  How 
woold  yon  proceed  T     (Ci^  Ou<U«,  1900.) 

12S.  A  vertical  ih^  ia  400  feet  deep.  Half  way  down  it  an  Incline 
■tarta  from  it,  which  meets  a  drift  dipping  towards  the  ahaft  bottom  at 
a  grade  of  2  inchea  to  the  yard,  at  a  diHtanoe  of  4  chains  from  the  aluitt, 
this  distance  being  measared  along  the  floor  of  the  drift.  Find  the  length 
and  inclination  (in  degrees  and  minutes)  of  the  incline.    (City  Oaildt,  1900.) 

120.  A  theodolite  i«  set  in  up  line  with  two  telegraph  Pol«s,  ISO  feet 
from  the  nearer  pole  and  460  feet  from  the  further  pole.  The  top  of  the 
further  pole  sabtends  an  angle  of  18°,  the  Line  of  eight  passing  tliiough  « 
hole  exactly  half  way  np  the  nearer  pole.  Required  the  heights  of  the 
two  poles,  the  theodolite  standing  S  feet  above  the  ground.  (City  Ovilda, 
1900.) 

130.  A  seam  of  mineral  dipping  12°  Is  thrown  down  200  feet  by  a  vertioal 
fault;  on  inclined  drift  ia  started  from  the  top  of  the  down-throw  itnd 
outs  the  seam  400  feet  borizoutally  from  the  fault.  Required  length  and 
dip  of  the  inclined  drift.    (Oily  (?utU>,  1900.) 

131.  Calculate  the  co-ordinate*  of  the  following  travene  survey,  caleu- 
lale  the  length  and  bearing  of  the  line  G  A,  and  plot  by  oo-ordiuateB  to 
a  scale  of  1  chain  to  the  inch  : — 

Travtrte  lurvey  at  polggonal  area  made  by  double  foretight  meOioi 

in'lA  a  right-hanied  OttMtHtU  rtading  to  30  tewndt ;    IKt  ihtoidilt 

vM*  origiruMy  tet  m  the  true  meridian,  (i  "        " 

ObierreJ  Laneth 

Ltne.  ADgI«.  la  Links. 

14"  48'  00" 


198°  Oa'  31 

284°  01' 30" 
200°  12'  30" 


ObMrred 

Aii^e.  In  Links. 

.     271°  33'  30"  430 

.     268°  01' 30"  607      , 

—iCily  OuUde,  1900.) 
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138.  CaloaUte  the  un&  of  the  above  polygon  in  acres,  t^.,  by  the 
method  of  oo-ordiDates.    (City  Ouiidi,  1900.) 

133.  A  bed  of  mineral  dips  6S°  (to  the  horizontal),  tbe  diteotion  of  full 
dip  bdng  8.  24°  66'  E.  What  will  be  the  dip  of  a  road  running  N.  80°  20' 
W.  T    (Oily  OvildM,  1900.) 

134.  Two  horixontal  levels  are  driven  in  a  vein  dipping  77°  toward*  N. 
56°  E.,  the  levels  being  200  feet  apart  vertically.  A  flat  winie  in  the  vein 
connecting  the  levels  is  440  feet  long.  What  is  it«  dip  and  beaiing  I  (City 
auild*.  leoo.) 

135.  How  would  you  proceed  to  level  abii£  on  inolined  drift  aboot  3  feet 
6  inchea  high,  and  inclined  about  40°  I    (City  Chtildt,  IWXt.) 

136.  Draw  a  seotion  of  the  teleaoope  nsed  in  the  ordinary  dmnpy  level, 
showing  clearly  the  path  of  the  raya  of  light  through  it.    (City  Ouildt,  IWO.) 

137.  Under  what  oironmstaooes  moat  a  oorreotion  foi  the  euth's  onrva- 
tore  be  applied  in  levelling  I  State  a  formula  foi  tiiis  correction.  (Oiln 
Ouildi,  1900.) 

138.  Sketch  and  explain  the  action  of  the  tangent  eorew  and  clamp,  .as 
applied  to  any  part  of  a  theodolite.    [City  Ouildt,  1900.) 

13S.  Describe  a  method  of  oonaeoting  undergronnd  and  snrfaoe  traverses 
through  a  single  shaft,  the  use  of  the  magnetio-needle  being  inadmissible. 
(Oily  OuiUt.  1900.) 

140.  A  coal  seam  is  proved  by  three  bore-holea.  A,  B,  and  C,  at  the 
following  depths :— A  is  200  yards  deep,  B  2G0  yards,  and  C  2S0  yards. 
The  distance  between  A  and  B  is  430  yards,  between  A  and  C  740  yards, 
and  tietween  B  and  C  900  yards.  Find  the  direction  and  inclination  of  the 
full  dip  of  the  seam,  assuming  that  the  surface  of  the  ground  at  the  t>oie- 
holesialevd.    {Nea  South  Woks,  IWl.) 

141.  How  would  yon  proceed  to  mark  a  anrvey-rtation  ondergronnd 
where  the  roof  is  bad !    ( Vnivtrtitg  of  WaUt,  1901.) 

142.  Hake  out  an  imaginary  page  from  a  level  book,  showing  twelve 
readings  taken  with  four  settings  of  the  instrument  over  nndulattng  gronnd. 
Work  out  and  plot  the  section.    {City  Qu<ida,  1901.) 

143.  Three  bcre-holea.  A,  B,  and  C,  intersect  a  seam  of  coal ;  they  are 
situated  at  the  angles  of  iu  equilatersl  triuigle,  whose  sides  are  300  yards 
in  length.  B  is  N.  17°  20'  E.  of  A ;  and  C  is  to  the  westward  of  the  line 
A  B.  A  onto  the  seam  at  a  depth  of  17fi  feet,  B  at  a  depth  of  342  feet,  and 
C  at  a  depth  of  240  feet.  Determine  the  direotiCMi  and  amount  of  dip  of 
the  coal  seam.    [Citt  Chtildt.WOl.) 

144.  What  is  meant  by  a  traverse  surrey  1  Illustrate  your  reply  by  a 
diagram.  Show  the  system  yon  would  use  for  the  field  book  of  a  theodolite 
traverse.    (QcH  Coast  SxamnurfKnis /or  Surveyor's  Lieenct,  1902.) 

145.  Describe  the  conatruotion  of  a  prismatic  oompass ;  state  tt*  uses  and 
the  objections,  if  any,  to  its  employment  underground,    [City  Oatld*,  1902.) 

14Q.  Explain  how  and  why  the  aneroid  barometer  ean  be  used  tor  tough 
levelling.    (Ctly  ChiItU,  1902.) 

147.  Deacribe  the  prooeas  of  setting  out,  with  accnrsoj,  a  long  tonnel  in 
a  mountainous  region.    (Coffl&onis  Mining  School,  1904.) 

14R  Describe  a  mMhod  of  oonneoting  underground  and  surface  traverses 
through  a  single  shaft  somewhat  out  of  repair,  {Canibomt  Mining  Seioc!. 
1904.) 
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IM.  'Hw  oo-oidnutM  of  two  poiDta  A  and  B  are  aa  foUowa  i — 
(A)  LatitDde  N.  463  link*.  Departtm  W.  249  links.  (B)  Latitude 
S.  157  link*.  Departure  W.  1,34H  links.  Coloulate  the  length  and  bearing 
of  the  line  A  B.    (City  OitUf,  1904.) 

ISO.  YoQ  have  a  miner'B  dial,  and  yon  find  (hat  when  one  end  of  the 
needle  maAs  due  N.,  the  other  end  reads  8.  3°  30'  W.  To  what  faults 
of  orautruotion  may  this  be  duo  T  Can  you  use  the  dial  in  this  state  for 
■nrreTing.  and,  if  m,  how  t    (City  Guilds,  1904.) 


(Oily  OuMt,  1004.) 
162.    What  is  meMit  by  the  "line  of  ooUimatlon " T     Qliutrate  your 
answer  by  giving  an  imaginuy  page  from  a.  level-book,  showioK  0  readings 
taken  with  4  settings  of  the  dumpy  level,  redaoed  by  the  method  of  eoUi- 
mation.    {Citg  OuiUt,  1904.) 

153.  A,  B,  and  C  are  three  bore-holee  piraoing  the  tame  bed  of  ooal  at 
depths  respectively  390,  000,  and  474  feet.  The  height  of  A  above  a 
oonunon  datum  is  ISO  feet,  of  B  ISO  feet,  and  of  C  114  feet.  From  A  to  B 
is  2,400  yaids,  A  to  C  is  8S0  yards,  and  B  to  C  is  2,300  yards.  At  what 
depth  would  a  main  abaft  X,  put  down  within  the  triangle  formed  by  the 
three  bore-holae,  intersect  the  seam  ;  A  X  being  1,953  yards,  B  X  460  yards, 
and  the  height  of  X  423  feet  above  the  datum  I  (CoUiery  Matiag«r»,  WeHem 
Aiirlralia,  1904.) 

154.  A  mineral  vein  dips  due  south  at  an  angle  of  67°  to  the  horisonta] ; 
an  incline  is  set  oS  running  S.  34°  W.  What  will  be  its  gradient  in  inohee 
toUieyaidT    (C<ly  SuiUs,  1906.) 

156.  Two  sto&ight  lengths  of  a  railway  track  make  wiQi  each  other  an 
angle  of  147°.  Show  how  yon  would  oonneot  them  by  means  of  a  onrve 
of  12  chains  radias,  the  ground  being  practically  level.    [Citj/  OuiUg,  1906.) 


No. 

B^i-atsa. 

Fttn-ilttht. 

IM.U.C. 

Chidu. 

4-70 

s'e? 

0-29 

5-93 

0-59 

7-74 

I -00 

9-46 

1-29 

6-93 

13-81 

1-70 

0-04 

200 

'.! 

3-89 

2-26 

3-74 

2-80 

10 

609 

3-37 

11 

4-00 

12 

6-59 

6-13 

((7n»  OuiUt.  1005.) 
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157.  What  on  tiie  prorisioiis  of  the  Coal  Hinet  Begolation  Acts  aa  to 
plana  and  Burreya,  and  as  to  plans  ol  abandoned  minea  T  {CoOiery 
Managera,  3.  Diilrict,  IMS.) 

158.  Deacribe  taMj  the  methods  of  making  an  unde^round  survey  with 
the  magnetic -Deedls  and  also  with  the  fiied-needle,  and  show  your  mothoda 
of  booking  in  eaoh  ease  and  how  you  wonld  oonneot  the  underground  Barrey 
with  the  BDifoce  plan,  and  the  preoautionE  yon  would  take  to  avoid  eiron 
through  a  variation  of  the  magnetic  meridian,  including  a  purvey  of  new 
workings  upon  an  old  plan,  and  how  yon  would  fin(}  the  magnetic  meridian 
at  the  time  of  such  survey.    {Cotliery  Managers,  S.  Ditfrict,  1006.) 

169.   Id  making  an  extensive  levelling,  what  amount  of  difference  per 
mile  should  be  allowed  for  the  curvature  of  the  earth  T    (CoUiery  if 
8.  Dittrict.  lOOS.) 


plot  by  oo-ordinates  tc 


Baring. 

inLiukL 

.    O'OO' 

540 

.  23°  15'  W. 

601 

.  19°  05'  E. 

1B91 

.  51°  10'  W. 

301i 

.  62°  36'  E. 

708 

M.  30°  07'  E. 
N.  32=  07'  E. 
M.  23°  60'  W. 
N.  W  IB'  W. 


DUUnw 

InUnka 


163.  What  pieeaotiona  would  yon  take  in  making  (I)  a  fast  needle  sarvey 
\2)  a  loose  needle  sorvey  t  What  kind  of  lamp  would  you  am  in  each  case, 
and  why  !    (CoUt'ery  Manageri,  3.  Dialrict,  1907.) 
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